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THE  INFLUENCE  OF  SODIUM  BENZOATE  ON  THE 
NUTRITION  AND  HEALTH  OF  MAN. 


REFOBT  OF  THE  SEFEEEE  BOASD  OF  COlTSULTnTO  SCXEFTIFIC 
EXPERTS. 

Of  the  questions  referred  to  this  board"  the  first  to  engage  our 
arttention  have  been  the  following: 

(1)  "Does  a  food  to  which  there  has  been  added  benzoic  acid, 
OT.any  of  ite  salts,  contain  any  added  poisonous  or  other  added 
deleterious  ingredient  which  may  render  the  said  food  injurious  to 
healtht     (a)  In  laige  quantities?     (b)  In  small  quantities!" 

(2)  "If  benzoic  acid  or  any  of  its  salts  be  mixed  or  packed  with 
a  food,  is  the  quahty  or  strength  of  said  food  thereby  reduced, 
lowered,  or  injuriously  affected?  (o)In  laige  quantities!  (fc)  In 
small  quantities!" 

To  obtain  satisfactory  answers  to  these  questions,  the  board  has 
felt  it  necessary  to  carry  through  a.  careful  investigation  of  the  effect 
of  benzoic  acid  or  some  one  of  its  salts  on  the  nutrition  and  general 
health  of  man.  A  thorough  study  of  the  literature  giving  the  results 
of  work  done  by  various  investigators  on  the  physiolt^cal  effects 
of  benzoic  acid  and  its  salts,  together  with  a  study  of  reported 
clinical  and  medical  observations,  therapeutic  usage,  etc.,  have  made 
it  apparent  that  additional  work  was  needed  to  render  possible  a 
conclusive  answer  to  the  above  questions. 

With  a  view  to  limiting  the  scope  of  the  woik,  while  at  the  same 
time  meeting  all  practical  requirements,  our  investigation,  with  the 
consent  of  the  Secretary  of  Agriculture,  has  been  confined  to  a  stud}' 
of  the  effect  of  the  sodium  salt  of  benzoic  acid,  viz,  sodium  benzoate. 

To  make  this  experimental  inquiry  as  thorough  as  possible  and 
to  bunimize  the  personal  equation,  three  independent  investigations 

"  Dr.  Alonzo  E.  Taylor,  ptofeaBor  in  the  University  of  California,  a  member  of  thia 
board,  owing  to  absence  in  Europe,  has  not  been  able  to  piuticipate  in  the  invee^i)^- 
tione  embodied  in  this  report. 
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have  been  carried  out;  one  at  the  Medical  School  of  Northweatem 
University  in  Chicago,  under  the  chaise  of  Prof.  John  H.  Long, 
of  that  institution;  a  second  at  the  private  laboratory  of  Prof. 
Christian  A.  Herter,  of  Columbia  University,  New  York  City;  "and 
the  third  at  the  Shefheld  Scientific  School  of  Yale  University,  in 
chai^  of  Prof.  Russell  H.  Chittenden. 

The  same  general  plan  of  procedure  was  followed  in  aii  three  experi- 
ments. A  certain  number  of  healthy  young  men  were  selected  as  sub- 
jects, and  during  a  period  of  four  months  these  men,  under  definite 
conditions  of  diet,  etc.,  with  and  without  sodium  benzoate,  were  sub- 
jected to  thorough  clinical  and  medical  observation ,  while  the  daily  food 
and  the  excretions  were  carefully  analyzed,  and  otherwise  studied, 
and  comparison  made  of  the  clinical,  chemical,  bacteriolt^cal,  and 
other  data  collected-  (For  details  see  the  individual  reports.)  In 
this  manner  material  has  been  brought  together  which  makes  possi- 
ble conclusions  regarding  the  effect  of  small  and  large  doses  of  sodium 
benzoate  upon  the  human  system. 

In  fixing  upon  the  amount  of  sodium  benzoate  that  should  con- 
stitute s"  small  dose"  we  have  adopted  0.3  gram  of  the  salt  per  day. 
Manufacturers  of  food  products  which  in  their  view  require  the  use 
of  a  preservative  are  in  general  content  with  0.1  per  cent  of  sodium 
benzoate.  This  would  mean  that  in  the  eating  of  such  a  preserved 
food  the  consumer  would  need  to  take  300  grams  per  day,  or  nearly 
two-thirds  of  a  pound,  of  preserved  food  to  ingest  an  amount  of 
benzoate  equal  to  our  minimal  daily  dosage.  Looked  at  from  this 
point  of  view,  our  dosage  of  0.3  gram  per  day  seemed  a  fair  amount 
for  a  "small  dose,"  one  that  would  clearly  suffice  to  show  any  effect 
that  small  doses  of  the  salt  might  exert,  especially  if  continued  for  a 
considerable  length  of  time.  In  all  these  three  experiments  this  daily 
dosage, was  continued  for  a  period  of  about  two  months.  Under 
"lai^  dose"  was  included  quantities  of  sodium  benzoate  ranging 
from  0,6  gram  to  4  grams  per  day.  Such  a  daily  dosage  was  con- 
tinued for  a  period  of  one  month.  In  a  few  instances  somewhat 
latter  doses  were  employed. 

As  the  amount  and  character  of  the  daily  diet  exert  a  well-known 
influence  upon  many  of  the  metabohc  or  nutritive  changes  of  the 
body,  as  well  as  upon  the  bacterial  flora  of  the  intestines,  attention 
is  called  to  the  fact  that  the  three  investigations  differed  from  ench 
other  in  the  amount  of  protein  food  consumed  daily,  thereby  intro-' 
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ducing  a  distmctive  feature  which  tends  to  broaden  the  conditions 
under  which  the  experiments  were  conducted. 

The  conclusions  reached  as  a  result  of  the  individual  investigations 
£ure  given  at  length  in  the  separate  reports  herewith  presented, 
together  with  all  of  the  data  upon  which  these  conclusions  are  based. 

The  fact  should  be  emphasized  that  the  results  obtained  from  the 
three  separate  investigations  are'  in  close  agreement  in  all  essential 
features. 

The  main  general  conclusions  reached  by  the  referee  board  are  as 
follows: 

(1)  Sodium  benzoate  in  small  doses  (under  0.5  gram  per  day) 
mixed  with  the  food  is  without  deleterious  or  poisonous  action  and  is 
not  injurious  to  health. 

(2)  Sodium  benzoate  in  lai^  doses  (up  to  4  grams  per  day)  mixed 
with  the  food  has'  not  been  found  to  exert  any  deleterious  effect  on 
the  general  health,  nor  to  act  as  a  poison  in  the  general  acceptation 
of  the  term.  In  some  directions  there  were  shght  modifications  in 
certain  physiological  processes,  the  exact  significance  of  which  modi- 
fications is  not  known. 

(3)  The  admixture  of  sodium  benzoate  with  food  in  small  or  large 
doses  has  not  been  found  to  injuriously  affect  or  impair  the  quality 
or  nutritive  value  of  such  food. 

Ika  Rbhsen,  Chairman, 
KussEix  H.  CHrrrENDBN, 
John  H.  Long, 
Christian  A.  Hebteb, 
R^eree  Board  of  ConmJUng  Scientific  ExperU, 
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AS  EXPERIMENTAL  STUDY  OF  THE  INFLDENCE  OF 
SODIUM  BENZOATE  ON  THE  NUTRITION  AND  HEALTH 
OF  MAN. 

By  Rdssbu.  H.  CHrrTBMD«»(. 


nrrBODVCTOBT. 

In  aji  attempt  to  answer  the  questions,  "Does  a  food  to  which 
there  has  been  added  benzoic  acid,  or  any  of  its  salts,  contain  any 
added  poisonous  or  other  added  deleterious  ingredient  which  may 
render  the  said  food  injurious  to  health;  in  lai^  quantities;  in  small 
quantities^'  the  following  experimental  work  has  been  performed, 
with  results  which  seemingly  afford  positive  answers  to  the  above 
questions. 

With  a  view  to  lizaiting  the  scope  of  the  work,  while  at  the  same 
time  meeting  all  practical  requirements,  and  with  the  consent  of  the 
Secretary  of  Agriculture,  our  investigation  has  been  confined  to  a 
study  of  the  sodium  salt  of  benzoic  acid,  viz,  sodium  benzoate. 

The  work  has  been  carried  on  in  the  laboratories  of  the  Sheffield 
Scientific  School  of  Yale  University  under  the  personal  supervision 
of  the  writer.  The  chemical  work  was  under  the  special  charge  of 
Frank  P.  Underbill,  Ph.  D.,  assistant  professor  of  physiological  chem- 
istry in  the  Sheffield  Scientific  School,  with  a  suitable  corps  of  trained 
chemists  and  assistants.  The  bacteriological  work  was  in  charge 
of  Leo  F.  Rettger,  Ph.  D.,  assistant  professor  of  bacteriology  and 
hygiene  in  the  Sheffield  Scientific  School,  while  the  necessary  med- 
ical and  clinical  examinations  were  made  by  Richard  F.  Rand,  M.  D., 
clinical  assistant  at  the  Yale  Medical  School. 

The  subjects — sax  in  number— on  whom  the  effects  of  sodium 
benzoate  were  to  be  studied  were  carefully  selected  with  a  view  to 
obtaining  different  types  of  physical  and  mental  make-up,  as  well 
as  persons  of  well-known  character,  and  responsibility.  All  of  the 
subjects  chosen  were  graduate  students  in  the  university,  thoroughly 
trained  in  chemistry  and  physiology,  so  that  they  were  able  to  servo 
not  only  as  subjects  in  the  experiment,  but  like^^ise  as  analysts, 
capable  of  assisting  in  the  gathering  of  the  data.  All  were  known 
to  the  writer  for  several  years. 

The  experiment  was  commenced  the  1st  of  July  and  extended  to 
the  8th  of  November.  During  this  period  of  four  months  the  sub- 
jects were  fed  at  a  private  table  provided  nearby  the  laboratory, 
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where  complete  supervision  could  be  had  of  the  amount  and  char- 
acter of  the  food  taken,  with  all  facilities  for  we^hing  the  food 
consumed  by  each  subject,  preparation  of  suitable  samples  of  the 
various  foods  for  chemical  analysis,  etc. 

PLAN  OF  THB  BXPBBIMENT. 

For  a  week  prior  to  the  actual  commeDcement  of  the  experiment 
the  subjecta  were  required  to  take  their  meals  at  the  table  provided; 
the  urine  and  feces  were  collected  daily;  partial  analyses  made, 
sufficient  to  indicate  the  general  extent  of  their  body  metabolism; 
the  amount  of  food  consumed  daily  by  each  individual  noted;  cUn- 
ical  and  medical  examinations  made,  etc.,  with  the  purpose  of  obtain- 
ing a  general  view  of  the  physiological  characteristics  or  personal 
peculiarities  of  the  individual  subjects. 

The  experiment  proper  was  divided  into  a  fore  period  of  2  weeks  or 
14  day3,i.e.,from  July  6  to  July  19,  inclusive,  in  which  complete  daily 
records  were  made  of  the  subjects  under  normal  conditions  of  life 
and  diet.  This  was  followed  by  a  benzoate  period  of  2  months,  from 
July  20  to  S^tember  20,  inclusive,  in  which  each  subject  was  fed 
with  his  food  daily  0.3  gram  of  sodium  benzoate.  This  constituted 
the  "small  dose,"  and  being  continued  over  a  period  of  62  days 
would  seemingly  provide  ample  opportunity  for  the  detection  of  any 
effects  which  small  doses  of  sodium  benzoate  might  produce.  In 
this  connection  it  is  to  be  noted  that  during  this  period  of  2  months 
each  subject  took  18.6  grams  of  sodium  benzoate.  Next  followed 
an  "after  period"  of  10  days,  from  September  21  to  September  30, 
inclusive,  in  which  no  benzoate  was  given,  thus  affording  another 
so-called  normal  period  for  comparison.  For  the  next  4  weeks, 
commencing  with  October  1,  lai^r  doses  of  sodium  benzoate  were 
given  as  follows:  During  the  first  week,  from  October  1  to  Octo- 
ber 7,  inclusive,  the  daily  dose  was  0.6  gram;  for  the  week  October  8 
to  14,  inclusive,  the  dose  was  increased  to  1  gram  daily;  from  Octo- 
ber 15  to  21,  inclusive,  2  grams  of  sodium  benzoate  were  taken 
daily  by  each  subject;  on  October  22  the  dosage  of  benzoate  was 
increased  to  4  grams  per  day,  at  which  level  it  was  continued  for 
the  following  7  days.  During  this  period  of  "large  doses"  of  sodium 
benzoate,  covering  28  days,  each  subject  took  a  total  of  53.2  grams 
of  benzoate.  Finally,  there  was  another  "after  period"  of  10  days — 
from  October  29  to  November  7,  inclusive — in  which  no  benzoate 
was  given.  All  through  the  period  of  125  days  covered  by  the 
experiment,  accurate  data  were  collected  of  food  consumption,  food 
composition,  urine  excretion,  fecal  discharges,  for  each  subject, 
together  with  chemical  composition  of  the  daily  excretions,  etc., 
reinforced  by  the  clinical  and  medical  examinations,  bacteriological 
examinations  of  feces,  blood  count,  etc.  In  this  way  competent 
comparison  of  the  condition  or  conditions  produced  by  small  and 


INPLUBKDE  OF  SODIUM  BBNZOATB  ON  NUTRITION  AND  HEALTH.         15 

lai^  doses  of  sodium  beozoate,  with  the  normal  condition  of  the 
same  subjecta,  might  be  expected,  and  thus  light  be  thrown  upon 
the  effects  of  sodium  benzoate  on  healthy  individuals. 

ADKimBTRATION  OF  THE  SODIttH  BBNZOATB. " 

Id  the  administration  of  the  benzoate  an  attempt  was  made  to 
imitate  the  manner  in  which  the  salt  would  be  taken  if  used  in  food 
as  a  preservative.  With  the  smaller  dose  of  0.3  gram  per  day,  the 
salt  was  dissolved  in  a  given  amount  of  water  and  then  added  to 
some  one  food  so  that  the  latter  would  contain  one-tenth  of  1  per 
cent  of  sodium  benzoate.  The  salt  was  given  three  times  a  day — 
0.1  gram  of  benzoate  with  each  meal — and  in  some  one  article  of 
food,  where  it  would  be  present  to  the  extent  of  about  one-tenth 
of  1  per  cent  by  weight  of  that  food.  In  this  way  was  avoided  any 
possible  local  effect  of  a  relatively  lai^  single  dose,  as  might  pei^ 
haps  happen  if  administered  by  capsule.  Further,  this  method  of 
administration  insured  entrance  into  the  stomach  of  esseotially  the 
same  percentage  of  benzoate,  even  when  the  do8^;e  was  increased 
to  0,6  gram  per  day.  With  larger  doses  of  sodium  benzoate  the 
same  general  method  of  procedure  was  followed,  though  with  a 
daily  dosage  of  2  grams  and  over  the  amount  of  benzoate  in  the 
food  rose  necessarily  above  0.1  per  cent. 

A  word  of  explanation  may  be  offered  here  regarding  the  size  of 
the  "small  dose"  of  sodium  benzoate  employed  in  our  experiment. 
In  adopting  0.3  gram  of  the  salt  as  the  daily  dose  we  were  influenced 
by  the  bearing  of  our  problem  upon  the  practical  question  of  the 
use  of  sodium  benzoate  as  a  food  preservative.  Manufacturers  of 
food  products  requiring  the  use  of  a  preservative  are  apparently 
content  with  an  allowance  of  0.1  per  c«nt  of  sodium  benzoate.  The 
consumer  of  such  a  product  would  need  to  take  300  grams — nearly 
two-thirds  of  a  pound — of  such  a  preserved  food  per  day  to  ingest 
an  amount  of  sodium  benzoate  equal  to  our  minimal  daily  dosage. 
In  other  words,  looked  at  from  this  standpoint,  our  dosage  of  0.3 
gram  per  day  seemed  a  fair  amount  for  a  "small  dose,"  one  that 
would  clearly  suffice  to  show  any  effect  that  small  doses  of  the  salt 
might  exert,  especially  if  continued  for  a  reasonable  length  of  time. 

In  this  connection  it  is  interesting  to  note  the  relationship  between 
the  ingested  sodium  benzoate  and  the  total  food  consumption  of 
our  different  subjects  per  day  during  the  several  benzoate  periods. 
The  following  tabic,  giving  the  total  amount  of  food  consumed  per 
day,  together  with  the  dos^;e  of  benzoate,  shows  the  percentage  of 
benzoate  in  the  total  day's  food  of  the  six  subjects.     From  these 

"The  sodium  benzoate  employed  was  "soda  bennoale."  V.  8.  P.,  99  per  cfint. 
It  contaiaed  a.  trace  oE  calciuui  and  2.2  per  cent  of  water.  In  giving  the  salt,  allow- 
ance wae  made  lor  99  per  cent  pure  and  the  contained  water,  bo  that  the  daily  doeee 
specified  represent  actual  sodium  benzoate. 
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figures  it  is  seen  that  with  a,  daily  dose  of  0.3  gram  of  henzoate, 
the  percMitage  of  the  salt  in  the  total  food  consamed  varied  ttom 
0.015  to  0.022  per  cent.  With  a  dosage  of  0.6  gram  per  day  the 
proportion  of  benzoate  in  the  day's  food  varied  &oni  0.032  per  cent 
to  0.04  per  cent.  When  1  gram  of  sodium  benzoate  was  taken 
daily  the  proportion  of  salt  to  the  total  food  amaumptical  varied 
from  0.055  per  cent  to  O.089  per  cent.  With  a  dosage  'of  2  grams 
per  day,  the  total  food  consumed  showed  0.108  to  0.13  per  cent  of 
sodium  benzoate;  while  with  a  daily  dose  of  4  grfuns  the  pn^rtlon 
of  benzoate  to  Uie  total  food  consumption  per  day  varied  from  0.25 
per  cent  to  0.31  per  cent. 
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OHABACTBB  OF  THE  DAILY  DIKT. 

In  any  study  ot  nutritive  changes,  especially  such  as  extend  over 
long  periods  of  time,  the  character  and  amount  of  the  daily  diet  are 
important  factors.  In  our  experiment  two  facts  are  to  be  empha- 
sized. First,  the  subjects  were  not  restricted  to  a  limited  dietary,  but 
on  the  contrary  were  allowed  reasonable  freedom  of  choice,  both  as 
to  character  and  quantity  of  the  daily  food.  In  other  words,  there 
was  no  interference  with  the  normal  desires  of  the  individual,  but 
each  subject  was  allowed  full  latitude  in  the  exercise  of  his  personal 
likes  and  dislikes.  To  be  sure,  each  day  a  definite  menu  was  arranged 
for  all  three  meals,  but  this  was  sufficiently  generous  in  character  to 
admit  of  choice;  further,  after  a  short  time  sufiicient  knowledge 
was  acquired  of  the  special  tastes  of  the  subjects,  so  that  a  daily 
dietary  could  easily  be  provided  quite  satisfactory  to  all.  By  this 
method  of  procedure  there  was  no  violation  of  that  physiological 
good  sense  so  essential  in  experiments  of  tliis  character.  Second, 
after  the  first  few  weeks  the  subjects,  consciously  or  unconsciously, 
settled  down  to  a  relatively  low  protein  diet,  which  was  maintained 
throughout  the  .experiment.  This  is  a  point  to  be  emphasized,  since 
as  protein  metabolism  is  influenced  largely  by  the  intake  of  protein 
food  we  had  in  our  experiment  a  definite  condition ;  one  which  afforded 
an  opportunity  for  the  study  of  tlw  effect  of  sodium  benzoate  upon 
subjects  living  mider  a  relatively  low  protein  intake  and  conse- 
quently at  a  somewhat  lower  level  of  nitrc^n  metabolism  than  ia 
ordinarily  maintained  by  the  majority  of  mankind.  The  following 
table  shows  the  average  daily  intake  of  nitrogen  for  each  subject 
during  the  five  periods  of  the  experiment: 

Daily  aterage  intake  nf  nitrogen. 
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The  results  are  certainly  suggestive  as  showing  how  individuals 
t«nd  to  maintain  within  reasonable  limits  a  definite  average  nitrogen 
intake,  even  though  entirely  unhampered  by  restrictions  as  to  quality 
of  food  or  quantity.  The  largw  intake  of  nitrc^en  during  the  first 
period  of  2  weeks,  noticeable  in  4  of  the  subjects  particularly,  was 
due  without  doubt  to  the  stimulating  effect  of  the  change  to  the  new 
table.  Both  the  menu  and  the  cooking  of  the  experimental  table 
were  excellent,  and  a  general  change  of  living  such  as  was  involved 
70111— No.  88—09 2 
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here  might  well  serve  as  a  temporary  stimulus  to  appetite.  (For 
details  r^arding  the  daily  food  of  the  several  subjects  and  the  con- 
tent of  nitrt^en  in  the  same,  see  appended  tables  of  food  compo- 
sition, p.  221.) 

While  the  nitrc^n  intake  of  our  subjects  was  relatively  low,  the 
fuel  value  of  the  daily  food  was  not  essentially  different  from  the 
values  usually  seen.  In  other  words,  the  daily  intake  of  fats  and 
carbohydrates  was  such  that  the  heat-giving  power  of  the  food  aver- 
aged about  3,000  large  calories  per  day.  While  these  data  are  not 
based  wholly  upon  accurate  chemical  analysis,  as  in  the  determination 
of  the  nitrogen  of  the  food,  they  are  sufficiently  near  the  truth  to  have 
value  in  showiDg  the  general  character  of  the  daily  dietary  as  looked 
at  from  the  standpoint  of  energy-yielding  power.  The  following 
table  gives  a  sulBcient  number  of  data  to  indicate  the  average  values 
for  each  subject: 

Eitivuiled/uel  valiu  of  the  daily  food. 
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CUHIGAL  OBSBXVATIOVS. 

SUBJECT  No.  1— H.  H.  O. 

This  subject  was  a  young  man,  24  years  of  age,  an  assistant  in  the' 
chemical  laboratoiy.  At  the  initial  examination,  made  by  the- 
medical  inspector  July  2,  1908,  he  was  described  as  of  slender  build, 
weighing  50.8  kilograms;  akin  pole;  mucous  membranes  of  fair  color; 
"adenoid  face"  (mouth  breather)  with  high  palatal  arch.  His  chest 
was  long,  narrow,  and  flat.  Lungs  were  normal,  breath  sounds  and 
resonance  being  of  normal  character;  complete  absence  of  r&les  or 
dullness.  The  heart  sounds  were  clear;  the  point  of  maximum 
impulse  was  visible  in  the  fifth  interspace  inside  of  the  nipple  line. 
The  abdomen  was  flat,  with  normal  respiratory  movements,  soft  on 
palpation,  no  mass  felt.  The  spleen  and  kidneys  were  not  palpable. 
Liver  dullness  was  normal.     Knee  jerk  weak.    Body  temperature 
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was  98.6°.  Pulse,  7S  beats  per  minute  and  quite  regular,  with  fair 
volume  and  tension.  The  urine  was  of  a  pale  yellow  color,  sHghtly 
cloudy.  The  small  sediment  which  eventually  separated  was  com- 
posed of  amorphous  phosphate.  The  reaction  of  the  urine  was  aci<I. 
Specific  gravity,  1.016.  The  urine  was  free  from  albumin,  sugar,  and 
bile.  Careful  microscopic  examination  of  the  slight  sediment  showed 
an  abs^ice  of  tubular  casts,  cells,  etc.  The  only  noticeable  com- 
poneDt  of  the  sediment  was  the  amorphous  pliosphate  already 
referred  to,  with  a  few  crystals  of  dicaloium  phosphate  and  a  few 
mucous  threads. 

On  July  14  the  subject  had  a  "cold."  There  was  slight  follicular 
tonsilitts  and  pharyngitis.  His  temperature  was  99°;  pulse,  88.  An 
antiseptic  gargle  was  prescribed  and  calomel  given.  In  three  days 
the  patient  was  quite  well. 

On  July  29  clinical  examination  showed  the  heart,  lungs,  and 
abdomen  normal.  General  condition  wholly  unchanged.  Subject 
stated  that  he  felt  well.  Body  temperature  was  98°.  Pulse  beat  66 
per  minute.  The  urine  had  a  specific  gravity  of  1.018;  was  very 
faintly  acid  in  reaction;  pale  yellow  in  color,  and.  showed  a  sUght 
white  precipitate  of  amorphous  phosphate.  There  were  no  casts, 
cells,  or  other  substances  of  pathological  significance.  Teste  of  the 
urine  made  for  albumin,  sugar,  etc.,  were  wholly  n^ative. 

On  August  4  the  subject  was  treated  for  laceration  of  hand  caused 
by  the  breaking  of  glass  apparatus  in  the  laboratory.  There  were 
two  punctured  wounds  over  lower  and  second  metacarpal  at  the  base 
of  the  index  finger.  There  was  loss  of  sensation  along  the  outer  side 
of  linger.  The  wounds  were  dressed  on  August  4,  6,  8,  and  12.  On 
the  latter  date  the  wounds  had  healed  per  primary ;  loss  of  sensation 
still  persisted.  It  was  thought  advisable  to  wait  and  see  if  sensation 
would  return  before  doing  exploratory  operation  for  nerve  suture,  as 
the  subject  was  anxious  to  keep  on  with  Iiis  work. 

On  September  1  clinical  examination  showed  no  deviation  from 
the  normal. 

On  September  24,  near  the  close  of  the  first  benzoate  period, 
another  examination  showed  body  temperature  98.8°;  pulse,  82 
beats  per  minute;  regular,  with  fair  volume  and  tension.  The  unne 
was  free  from  any  casts  or  cells.  A  few  mucous  threads  were  observed, 
and  a  few  ciystuls  of  calcium  oxalate  with  some  amorphous  phosphate. 
The  heart,  lungs,  and  abdomen  were  normal.  The  general  condition 
of  the  subject  was  good.     He  was  gaining  in  weight  and  felt  quite  well. 

On  October  14,  after  a  week  of  taking  1  gram  of  sodium  benzoate 
per  day,  the  body  temperature  was  found  to  be  98°;  pulse,  70  beats 
per  minute;  regular,  with  good  volume  and  tension.  The  heart, 
lungs,  and  abdomen  were  normal;  general  condition  excellent.  Sub- 
ject stated  that  he  felt  very  well.     The  urine  was  entirely  normal. 
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On  October  22,  at  the  close  of  the  week  when  2  grams  of  sodium 
benzoate  had  been  t^«i  daily,  the  same  general  condition  of  good 
health  prevaded,  with  no  deviation  from  the  normal. 

On  October  28,  at  the  close  of  the  week  when  4  grams  of  sodium 
benzoate  had  been  taken  daily,  the  body  temperature  was  found  to  be 
98.2°;  pulse,  74  beats  per  minute;  r^ular,  and  with  good  volume  and 
tension.  The  heart,  lungs,  and  abdomen  were  normal.  General  con- 
dition was  good,  the  subject  stating  that  he  felt  well,  with  continued 
gain  in  body  weight.  The  urine  was  perfectly  normal,  free  fmn 
casts  or  any  other  abnormality. 

On  November  7,  at  the  close  of  the  final  after  period,  cUnical 
examination  shpwed  body  temperature  98°;  pulse,  76  beats  per 
minute;  with  good  volume  and  tension.  The  heart,  lungs,  abdomen, 
liver,  and  spleen  were  normal.  No  changes  in  the  physical  condition 
of  the  subject  could  be  observed  dunng  the  course  of  the  test.  Sub- 
ject stated  that  he  fett  well  and  had  noticed  no  change  in  liis  health 
one  way  or  the  other  during  the  period  of  the  experiment.  He  had 
gained  6  to  7  pounds  in  body  weight.  The  urine  was  normal  and  free 
from  sediment,  except  a  few  mucous  threads.  Careful  questioning  of 
the  subject  with  r^ard  to  lus  impressions  as  to  possible  action  on  the 
part  of  the  sodium  benzoate  led  to  negative  statements,  with  tbe 
exception  that  during  the  larger  dosage  of  sodium  benzoate  he  thought 
the  bad  taste  of  the  salt  objectionable. 

SUBJECT  No.  a— W.  W.  H. 

This  subject  was  a  young  man,  24  years  of  age,  with  a  body  weight 
of  51.6  kilograms.  He  was  small  and  slight.  The  first  clinical 
examination,  made  July  6,  showed  the  following:  Skin  and  mucous 
membranes  of  good  color;  partial  mouth  breather,  nasal  obstruction 
due  to  septal  deformity.  The  chest  was  fairly  well  formed;  rather 
long,  flat,  and  narrow.  Lungs  were  normal;  breath  sounds  and 
resonance  normal.  The  heart  sounds  were  clear;  the  point  of 
maximum  impulse  was  visible  in  the  sixth  interspace  Inside  of  the 
nipple  line.  The  abdomen  was  full,  soft,  normal  tympany,  no  mass. 
Spleen  and  kidneys  were  not  palpable.  Liver  in  normal  position. 
Body  temperature,  98.4°.  Pulse,  70  beats  per  minute;  regular,  with 
good  vohime  and  tension.  The  urine  was  pale  yellow  in  color,  slightly 
cloudy;  acid  reaction;  specific  gravity  1.016.  The  slight  sediment  m 
the  urine  was  composed  of  amorphous  phosphate.  No  casts;  no  cells. 
Tests  for  albumin,  sugar,  bile,  etc.,  were  wholly  negative.  On  July 
29  the  heart,  lungs,  and  abdomen  were  found  normal.  General 
physical  condition  of  the  subject  was  good.  Body  temperature  was 
98°;  pulse,  69  beats  per  minute. 

On  August  5  the  subject  had  a  sore  throat;  coryza,  pharyngitis, 
andafew"3pots"on  theleft  tonsil.     Necessary  *'***™®°' ™^*^  P™*^* 
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Body  temperature  was  101.2°;  pulse,  87  beats  per  minute.  On 
August  7  his  throat  was  practically  normal.  August  24  there  was 
a  slight  recurrence  of  sore  throat.  The  pharyngitis,  however,  was 
very  slight  and  quickly  alleviated  by  an  antiseptic  gai^le. 

September  5  the  general  condition  was  good ;  no  deviation  from  the 
normal  in  body  temperature,  pulse  rate,  or  in  the  character  of  the 
urine. 

September  25  the  body  temperature  was  98.2";  pulse  beat,  74; 
r^ular,  with  fair  volume  and  tension.  The  heart,  lungs,  and  ab- 
domen were  normal.  General  physical  condition  good,  with  some 
increase  in  body  weight.  The  urine  had  a  specific  gravity  of  1.018, 
and  was  free  from  albumin,  sugar,  or  any  abnormal  substance.  Micro- 
scopic examination  of  the  slight  sediment  showed  a  few  mucous 
threads  and  crystals  of  calcium  oxalate.     No  casts  were  to  be  found. 

October  13  the  body  weight  still  showed  increase.  The  heart, 
lungs,  and  abdomen  were  normal.  General  physical  condition  was 
good,  the  subject  stating  that  he  felt  perfectly  well.  Body  tempera- 
ture was  98";    pulse,  78;    regular,  with  good  volume  and  tension. 

On  October  20,  when  the  subject  was  taking  2  grams  of  sodium 
benzoate  per  day,  examination  showed  the  same  good  physical  con- 
dition, with  complete  absence  of  any  signs  of  abnormality  in  the 
urine. 

October  27,  near  the  close  of  the  largest  benzoate  dosage,  clinical 
examination  showed  the  heart  and  lungs  normal;  abdomen  full  and 
soft;  rather  more  gas  in  the  intestines  than  in  previous  examinations. 
Subject  stated  that  he  had  had  slight  gastro-intestinal  fermentation 
for  two  days.  Subject  stated  that  he  felt  well  and  his  general  phys- 
icaJ  condition  was  plainly  good.  His  body  weight  was  increased. 
Body  temperature  was  98°;  pulse,  78  beats  per  minute;  regular, 
with  good  volume  and  tension.  The  urine  was  yellow  in  color ;  spe- 
cific gravity,  1.020;  acid  in  reaction  and  free  from  albumin,  sugar, 
etc.  A  slight  cloudy  precipitate  appeared  in  the  urine  on  standing. 
Microscopic  examination  of  this  sediment  showed  a  small  amount  of 
amorphous  phosphate  and  a  few  crystals  of  calcium  oxalate.  Jjong 
search  revealed  two  finely  granular  casts.     There  were  no  cells. 

On  November  5,  near  the  close  of  the  experiment,  final  clinical 
examination  showexl  the  heart,  lungs,  and  abdomen  normal.  Body 
temperature  was  99°;  pulse,  78  beats  per  minute;  regular,  with  good 
volume  and  tension.  No  change  was  observed  in  the  physical  con- 
dition of  the  subject  during  the  entire  course  of  the  experiment,  with 
the  slight  exception  noted  above.  The  subject  himself  stated  that 
he  felt  as  well  as  at  the  beginning  of  the  period  and  that  he  had  seen 
no  ill  effects  from  the  test  so  far  as  subjective  symptoms  go.  He 
had  gained  6  pounds  in  body  weight,  and  his  general  physical  condi- 
tion had  plainly  improved  during  the  period  of  the  test.     Final 
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examination  of  the  urine  showed  a  specific  gravity  of  1.018,  with 
freedom  from  albmnin,  sugar,  and  bile,  but  witli  a  slight  sediment 
which  under  the  microacope  was  found  to  be  composed  of  amorphous 
phosphate,  with  a  few  mucous  threads  and  calcium  oxalate  crj'stals. 
No  cells  were  to  be  found.  Repeated  examination  revealed  one 
finely  granular  cast. 

SUBJECT  No.  3.-1..  H.  I.. 

A  graduate  student  in  the  university;  age,  22  years.  Body  weight 
at  the  beginning  of  the  experiment  was  70  kilograms.  On  July  1 
the  first  clinical  examination  gave  the  following  results:  The  subject 
was  of  medium  size,  well  nourished,  and  well  muscled.  Skin  and  mu- 
cous membranes  were  of  good  color.  Chest  well  formed — ^muscular. 
The  heart  sounds  were  clear,  the  apex  beat  at  the  fifth  interspace 
inside  of  the  nipple  line.  The  lungs  showed  normal  resonance,  with 
normal  breath  sounds.  The  abdomen  was  muscular,  full,  soft 
negative;  arteries  soft.  Body  temperature,  98.2°;  pulse,  82  beats 
per  minute ;  regular,  with  good  volume  and  tension.  The  urine  was 
light  yellow  in  color;  acid  in  reaction;  with  a  specific  gravity  of  1.016. 
Tests  for  albumin,  sugar,  bile,  etc.,  weie  negative.  The  urine  showed 
a  slight  cloud,  which  on  subsidence  was  found  to  be  composed  of 
amorphous  phosphate.     There  were  no  casts;  no  cells. 

July  31  the  body  temperature  was  99°;  pulse  95  beats  per  minute. 
Nothinj^  abnormal  was  to  be  detected  in  the  urine  or  on  physical 
examination. 

September  5,  body  temperature,  98.8";  pulse,  1 10  beats  per  min- 
ute; fairly  regular,  with  low  volume  and  tension.  The  increased 
pulse  rate  was  due  apparently  to  excess  in  smoking.  The  heart 
sounds  were  clear.  The  subject  was  advised  to  diminish  his  smok- 
ing. The  urine  was  free  from  casts,  cells,  or  any  abnormal  substance. 
The  general  physical  condition  of  the  subject  was  excellent. 

September  24,  the  date  on  which  this  examination  was  made,  the 
subject  was  in  a  student  rush,  in  which  be  was  for  several  hours 
subjected  to  severe  physical  strain.  This  fact  is  mentioned,  since 
the  urine  collected  this  day  showed  on  microscopic  examination  a 
few  finely  granular  casts,  with  some  hyaline  casts.  Body  tempera- 
ture was  98.2°;  pulse,  84  beats  per  minute;  fairly  regular,  with  low 
volume  and  tension.  Aside  from  these  casts  in  the  urine,  the  exam- 
ination revealed  no  suggestive  features.  The  urine  was  entirely  free 
from  albumin  and  sugar.  A  microscopic  examination  of  the  urine 
on  September  26  showed  entire  absence  of  casts.  The  excessive 
;ihysical  exertion  endured  by  the  subject  September  24  undoubt- 
edly accounts  for  the  presence  of  the  few  casts  found  in  the  urine. 

O'-tober  12  the  body  temperature  was  98.1°;  pulse,  94  beats  per 
n:i:  .  ,o;  fairly  regular,  with  low  volume  and  tension.  Heart,  lungs, 
and  :  hilomen  were  normal.     The  general  physical  condition  of  the 
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subject  was  excellent.  There  was  a  gain  of  2  pounds  in  body  weight. 
The  urine  was  clear,  entirely  free  from  casts,  cells,  or  other  sedi- 
ment aside  from  a  slight  mucous  cloud.  There  was  Ukewise  free- 
dom from  albumin,  sugar,  and  bile. 

October  19,  the  heart,  lungs,  and  abdomen  were  normal.  General 
physical  condition  excellent.  Urine  clear,  with  the  exception  of  a 
slight  cloud  on  standing.  This  sediment,  under  the  microscope, 
showed  a  few  crystals  of  calcium  oxalate  and  several  mucous  threads. 
Two  finely  granular  casts  were  found.  On  this  date  the  subject 
was  in  a  vigorous  wrestling  match,  and  it  is  probable  that  the  casts 
in  the  urine  were  due  to  the  severe  physical  exercise. 

October  36,  body  temperature  was  98**;  pulse,  98  beats  per  min- 
iite;  regular,  with  fair  volume  and  tension.  The  urine  had  a  specific 
gravity  of  1.016  and  showed  on  microscopic  examination  two  fine 
and  slightly  granular  casts.  These  two  casts  were  found  on  search- 
ing four  distiact  slides.  A  few  calcium  oxalate  crystals  and  some 
amorphous  phosphates  were  also  seen. 

November  5,  the  final  examination  of  this  subject  showed  the  heart, 
lungs,  abdomen,  liver,  and  spleen  normal.  His  general  physical 
condition  was  excellent.  Subject  stated  that  he  felt  no  ill  effects 
from  the  test;  had  gained  in  body  weight.  Aside  from  the  increased 
heart  beat  noted  under  date  of  September  5,  there  has  been  no  change 
in  the  original  physical  findings.  The  subject  appeared  to  be  in 
better  condition  than  at  the  beginning  of  the  test.  His  body  tem- 
perature was  98°,  pulse'SS  beats  per  minute,  regular,. with  fair  vol- 
ume and  tension.  The  urine  was  free  from  albumin,  sugar,  bile,  etc., 
and  clear  on  standing.  Microscopic  examination  failed  to  show  any 
casts  or  cells.  The  subject  stated  that  the  only  effect  he  experi- 
enced in  taking  the  sodium  benzoate  was  a  slight  feeling  of  nausea 
on  the  days  when  the  larger  doses  were  taken.  This  he  attributed 
to  the  smell  of  the  substance,  since  the  nausea,  he  stated,  was  not 
experienced  when  he  took  tlie  food  containing  the  benzoate  with 
the  nostrils  closed. 

STIBJBCT  No.  4— J.  P.  L. 

This  subject  was  an  assistant  in  the  laboratory,  27  years  of  age, 
with  a  body  weight  of  67.2  kilograms.  At  the  first  examination 
made  on  July  9  he  was  found  to  be  well  developed,  fairly  well  nour- 
ished, and  muscular — a  man  of  the  clean,  long-limbed,  lean  type. 
Skin  and  mucous  membranes  were  of  good  color.  The  chest  was 
broad,  rather  flat,  with  a  slight  depression  at  the  lower  end  of  ster- 
num. Tlie  lungs  were  normal,  with  good  breath  sounds  and  normal 
resonance.  The  heart  sounds  were  clear;  the  point  of  maximum 
impulse  was  visible  in  the  fifth  interspace  inside  of  the  nipple  line. 
The  abdomen  was  flat,  soft,  with  freedom  from  masses.  The  spleen 
And  kidneys  were  not  palpable.    Liver  to  costal  margin.    The  knee 
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jerk  was  DormaJ.  Body  temperature  was  98.4°,  pulse  70  beats  per 
Bunute,  r^ular,  with  good  Tolume  and  teneion.  The  urine  was 
%ht  yellow  in  color,  clear,  with  a  specific  gravity  of  1.018,  slightly 
acid  reaction.  Tests  for  albumin,  sugu,  bile,  etc.,  were  negatire. 
The  urine  was  free  from  casts  and  cells. 

July  30  the  body  temperature  was  98.6°,  pulse  82  b«ats  per  min- 
ute, regular,  with  fair  volume  and  tension.  The  heart,  lungs,  and 
abdomen  were  normal.  General  physical  condition  wasexcellent.  Sub- 
ject stated  that  his  general  health  had  been  fine  during  the  past 
month.  Body  weight  hod  increased  5  pounds.  Urine  was  normal, 
with  freedom  from  casta  and  cells.     A  few  mucous  threads  were  s6en. 

September  1,  heart,  lungs,  and  abdomen  were  norm^.  General 
condition  excellent.  Subject  stated  that  his  health  was  fine,  but  he 
was  slightly  constipated.  He  had  gained  4  additional  pounds  in 
body  weight.  Body  temperature  was  98.2°,  pulse  80  beats  per 
minute,  r^ular,  with  fair  volume  and  tension.  The  urine  was  nor- 
mal in  every  respect;  no  casts  and  no  crystalline  sediment. 

September  23,  clinical  examination  on  this  date  showed  the  heart, 
lungs,  and  abdomen  normal.  Physical  condition  excellent.  Con- 
stipation had  disappeared,  and  subject  has  daily  stools.  Feels  in 
excellent  health.  Body  temperature  98.2°,  pulse  74  beats  per  min- 
ute, r^ular,  with  fair  volume  and  tension.  Urine  normal,  with 
freedom  from  casts  and  cells,  and  no  trace  to  be  found  of  albumin, 
sugar,  or  other  abnormal  substances. 

October  13,  body  temperature  was  98°,  pulse  80  beats  per  minute, 
regular,  with  good  volume  and  tension.  Heart,  lungs,  and  abdomen 
were  normal.  General  condition  excellent.  Had  been  working  over- 
time in  the  laboratory  and  felt  a  bit  tired,  otherwise  quite  well. 
The  urine  was  normal  in  every  respect. 

October  20,  no  physical  examination  was  made  on  this  date,  as  tli» 
sabject  appeared  in  excellent  condition.  The  urine,  however,  was 
carefully  exunined,  but  no  trace  of  any  abnormal  constituent  was 
found,  neither  were  there  any  casts  or  cells  in  the  slight  sediment 
which  eveotually  developed  on  atiuidii^.  A  few  mucous  threads 
and  a  few  crystals  of  calcium  oxalate  only  were  found. 

October  27,  near  the  close  of  the  large  doees  of  sodium  beozoate, 
the  subject  was  subjected  to  a  critical  physical  examination.  Heart, 
lungs,  and  abdomen  were  normal  in  every  respect.  The  general 
condition  of  the  subject  was  excellent.  He  felt  well,  had  been 
working  very  hard  for  the  past  few  weeks,  but  with  no  effect  except 
a  slight  loss  of  appetite. 

November  6,  final  examination  of  this  subject  showed  the  heart, 
lungs,  and  abdomen  normal,  liver  and  spleen  not  palpable.  Body 
temperature  was  98°,  pulse  85  beats  per  minute,  regulu',  with  fair 
volume  and  tension.     The  general  physical  condition  was  excellent.    If 
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anjtfaing,  the  subject  appeared  in  better  condition  than  at  the  begin- 
ning ot  tbe  experiment  when  he  was  first  examined.  He  had  gained 
7  to  8  pounds  in  body  weight.  No  change  in  the  physical  condition 
of  the  vital  organs  could  be  detected.  The  subject  stated  that  he  was 
not  conscious  of  any  ill  effect  from  the  benzoate  feeding.  The  subject 
thought  that  some  little  dmresis  had  been  produced  as  the  result  of 
the  benzoate.  This  point,  however,  will  be  discussed  in  connection 
with  data  to  be  {veseated  under  the  head  of  "Effect  on  the  compo- 
Mtion  of  the  urine."  Final  examination  of  the  urine  showed  com> 
plete  freedom  from  abnormal  components  of  every  kind.  There 
were  no  casts,  no  celts.  In  the  slight  sediment  which  appeared  in 
the  urine  only  a  few  mucous  threads  were  seen. 

SUBJECT  No.  6~E.  C.  H. 

This  subject  was  one  of  the  assistants  in  the  laboratory,  2d  years 
of  age,  and  weighed  67.1  kilograms  at  the  time  of  the  examination, 
June  29.  He  was  a  lean,  clean-built  man;  skin  and  mucous  mem- 
branes of  good  color,  except  for  dark  rings  under  his  eyes,  which  he 
stated  he  had  had  all  his  life.  The  heart  impulse  was  palpable  at  the 
fifth  interspace  nipple  line;  sounds  clear  at  both  apex  and  base;  no 
murmurs.  The  lungs  were  healthy,  respiratory  movements  normal, 
breath  sounds  faint,  but  no  rftles  and  no  dullness.  The  radial  arteries 
appeared  soft,  the  brachials  slightly  thickened.  The  abdomen  was 
flat  andsoft,  with  normal  tympany.  Liver  was  of  normal  size,  spleen 
not  palpable.  No  glandular  enlargement;  no  varicose  veins.  Body 
temperature  was  99  ",  pulse  68  beats  f>er  minute,  r^ular,  with  fair  vol- 
ume and  tension.  The  urine  was  pale  yellow  in  color,  clear  on  stand- 
ing, slightly  acid  in  reaction,  and  with  a  specific  gravity  of  1.014. 
Thwe  wra«  do  casta  or  cells  present,  neither  albumin,  sugar,  bile,  etc. 

July  27  the  subject  had  an  acute  gastro-intestinal  attack,  with 
abdootanal  pain,  tenderness,  and  diarrhea.  Body  temperature  was 
99*,  pulse  70.  This  attack  was  counteracted  by  calomel,  saline,  etc. 
Recovery  was  complete  on  July  31. 

July  81,  body  temperature  was  98°,  pulse  66  beats  per  minute,  regu- 
lar,  vit^  low  volume  and  tension.  Heart  sounds  were  faint,  slight  mur- 
mtllrish  quality  at  apex  during  inspiration.  The  subject  was  given 
A  tonic  pill  of  strychnine  1/40,  quinine  1/2,  and  ferri  carb.  sacch. 
The  ntine  was  perfectly  nomif^  in  character  and  free  from  sediment. 
No  casta  and  no  cells  of  any  kind  were  found. 

September  35,  body  temperature  was  98°;  pulse  69  beats  per  min- 
ute; t^;ular,  with  fairvohime  and  tension.  Heart  sounds  clear;  good 
ipi^ty.  General  condition  of  the  subject  was  excellent;  had  gained 
two  pounds  in  weight.  The  urine  was  free  from  sugar,  albumin, 
and  other  abnormal  substances.     Microscopic  examination  showed 
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complete  absence  of  casts,  cells,  etc.  Many  mucous  threads  were 
found  in  the  slight  sediment,  leather  with  some  crystals  of  calcium 
oxalate  and  some  amorphous  phosphate. 

October  14  the  body  temperature  was  98.4°;  pulse  68  beats  per 
minute;  regular,  with  good  volume  and  tension.  Physical  con- 
dition continued  good.  The  urine  was  entirely  free  from  any  abnor- 
mality. 

October  19,  heart,  lungs,  and  abdomen  were  normal.  General  con- 
dition was  good.  Urine  testa  for  abnormal  substances  were  all  nega- 
tive.    No  casts  and  no  crystals  of  any  kind  were  to  be  found. 

October  26,  careful  physical  examination  of  the  subject  showed 
no  change  from'  the  original  findings  as  to  heart,  lungs,  liver,  spleen, 
abdomen,  etc.  The  urine  was  normal,  and  there  were  no  casts  or  cells 
present. 

November  6:  The  final  examination  of  the  subject  was  made  on 
tliis  date.  Body  temperature  was  98.4°;  pulse  70  beats  per  minute; 
regular,  with  good  volume  and  tension.  The  general  appearance  of 
the  subject  was  good;  he  seemed  in  better  health  than  on  June  29. 
Heart,  liver,  abdomen,  skin,  and  mucous  membranes  were  normal,  ex- 
cept for  rings  under  the  eyes.  Subject  stated  that  he  felt  very  well 
and  had  noticed  no  change  in  health  or  feeling  as  a  result  of  the 
benzoate  feeding.  He  had  lost  2  pounds  in  weight  during  the  last 
month,  which  lie  attributed  to  extra  work,  as  he  had  been  doing  night 
work  in  addition  to  his  daily  routine.  Final  examination  of  the 
urine  showed  complete  freedom  from  abnormal  substances,  with  no 
trace  of  casts  or  sediment. 

SUBJECT  No.  6— W.  C.  S. 

This  subject,  a  graduate  student  in  the  university,  we^hed  at  the 
beginning  of  the  experiment  58.8  kilograms.  He  was  21  years  of 
age;  of  slender  build,  with  slight  muscular  development.  Skin  and 
mucous  membranes  were  of  fair  color.  On  June  29  his  body  tempera- 
ture was  98.8";  pulse  96  beats  per  minute;  low  volume  and  tension. 
The  rhythm  varied  slightly.  Chest  was  symmetrical;  flat,  with  good 
expansion.  Breath  sounds  were  clear;  no  riles  and  no  dullness. 
The  heart  apex  beat  was  visible  st  the  fifth  interspace  nipple  line; 
sounds  clear  and  forceful  at  both  apex  and  base.  Abdomen  was 
flat,  soft,  negative.  Liver  and  spleen  not  enlarged.  The  subject  had 
had  typhoid  fever  ten  years  ago;  was  not  at  all  robust  in  appearance. 
Urine  was  pale  yellow  in  color,  slightly  acid,  with  a  specific  gravity 
of  1.016.  Tested  for  albumin,  sugar,  bile,  etc.,  with  n^ative  results. 
A  slight  sediment  showed  on  standing,  which  under  the  microscope 
was  found  to  consist  of  amorphous  phosphate  with  a  little  granular 
matter.    There  were  no  casts  and  no  celk. 
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JTily  30,  general  physical  condition  unchanged.  Heart,  lungs,  and 
abdomen  were  perfectly  normal.  Body  temperature  was  99**;  pulse 
■98  beats  per  mioute;  regular,  with  low  volume  and  tension.  Subject 
stated  that  he  felt  in  excellent  condition.  Urine  was  wholly  free 
from  abnormalities.  A  few  mucous  threads  were  seen  in  the  slight 
sediment,  but  no  casts  or  cells. 

August  31,  on  this  date  the  subject  had  a  slight  attack  of  diarrhea; 
general  abdominal  pain,  with  gas  in  the  intestines;  headache  for 
thirty  hours.  The  abdomen  was  found  full  and  soft;  slightly  tender 
over  the  left  rectus;  dull  over  colon  on  left  side.  Treatment  con- 
sisted simply  of  Seidlitz  powders,  with  the  result  that  the  subject 
was  perfectly  well  in  thirty-six  hours.  Body  temperature  was  98.4°; 
pulse  82  beats  per  minute;  regular,  with  good  volume  and  tension. 
Urine  was  entirely  normal.     No  casts  or  cells  present. 

September  23,  heart,  lungs,  and  abdomen  were  normal.  Genera! 
physical  condition  was  excellent.  Subject  said  that  he  felt  very  well. 
Body  weight  had  increased  2  pounds.  Body  temperature  98.8"; 
pulse  81;  r^ular,  with  good  volume  and  tension.  Urine  was  free 
from  abnormal  substances.  No  casts;  no  cells;  a  few  crystals  of 
'Calcium  oxalate  and  amorphous  phosphate  were  present. 

October  12,  body  temperature  was  98°;  pulse  70  beats  per  minute; 
regular,  with  low  volume  and  tension.  The  heart  sounds  were 
perhaps  a  little  less  forceful,  with  a  slightly  murmurish  quality  to  the 
first  soimd  at  apex.  Apex  beat  was  in  the  fifth  interspace  nipple 
line.  No  enlargement.  Subject  stated  that  he  felt  perfectly  well. 
The  urine  was  normal. 

October  22,  pulse  82  beats  })er  minute;  regular,  with  fair  volume 
and  tension.  Slight  murmurish  quality  to  the  first  sound  at  apex. 
Physical  findings  were  otherwise  normal  and  unchanged.  Subject 
felt  well.  Urine  was  free  from  sugar,  albumin,  etc.  No  casts  or  cells 
present.  A  few  mucous  threads  and  a  few  cr^^tals  of  calcium  oxalate 
were  found,  together  with  some  amorphous  phosphate. 

October  28,  body  temperature  was  98.2°;  pulse  82  t>eat8  per 
minute;  regular,  with  fair  volume  and  tension. 

November  7,  heart,  lungs,  abdomen,  etc.,  showed  no  changes  from 
the  original  findings.  Subject  appeared  to  be  in  better  general  health 
than  at  the  beginning  of  the  test.  Body  temperature  was  98.3°; 
pulse  83  beats  per  minute;  regular,  of  good  volume  and  tension. 
The  urine  was  free  from  albumin,  sugar,  bile,  etc.  The  slight  sedi- 
ment showed  a  few  calcium  oxalate  crystals  and  some  mucous  threads. 
There  were  no  casts  or  cells.  The  subject  had  suffered  from  slight 
indigestion  and  constipation  since  the  benzoate  feeding  was  dis- 
continued. The  heart  sounds  were  clear  and  the  lungs  clear.  Abdo- 
men full,  soft;  normal  tympany,  except  for  dullness  over  sigmoid. 
The  subject  stated  that  he  felt  perfectly  well. 
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The  forgoing  clinical  observations  have  been  taken  almost  vei^ 
batim  from  the  report  of  the  medical  examiner.  His  conclusions 
are  summed  up  in  the  following  statement : 

New  Havkn,  Conn.,  Dioemba- 1,  I90S. 
Tmt.  R.  H.  Chtttendbn. 

Dear  Sir:  In  accordance  with  your  request  I  examined  the  aodium  benzoate 
eubjecte  U  the  begisning  of  the  test,  kt  int«rvt^B  during  the  courm  of  the  test,  uid 
after  the  benzoate  feediiig  was  discontiBued.  The  results  of  my  ezaminations  are 
recorded  in  my  detailed  report. 

In  gener^  there  has  been  no  clinical  evidence  at  any  time  that  the  health  of  the 

men  was  at  all  impaired  by  the  benzoate  feeding;  on  the  contrary  the  men  appear 

to  be  in  better  {«neral  condition  at  the  conclusion  of  the  teet  than  they  were  at  the 

otort.    None  <rf  tW  men  have  lost  in  we^ht,  while  four  have  made  appreciable  gains. 

Very  leepectfully  youis, 

Richard  F.  Rand,  M.  D. 

A  general  surrey  of  the  clinical  history  of  these  subjects  as  recorded 
fails  to  show  any  specific  action  on  the  put  of  the  sodium  benzoate. 
There  are,  however,  two  or  three  statements  that  perhaps  need  a  word 
of  explanation.  Subject  W.  W.  H.  on  October  27  had  a  slight  attack 
of  gastro-intestinal  fermentation  which  lasted  two  days.  This 
happens  to  be  at  the  close  of  the  second  benzoate  period  when  s 
dosage  of  4  grams  per  day  was  being  taken.  Again,  E.  C.  M.  on  July 
27,  viz,  at  the  beginning  of  the  first  benzoate  period,  had  a  slight 
gastro-intestinal  attack.  Further,  W,  C.  R.  on  August  31,  near  the 
close  of  the  first  benzoate  period,  had  a  brief  attack  of  diarrhea.  It 
might  be  said  that  these  slight  disturbances  of  the  gastro-intestinal 
tract  were  due  to  the  benzoate.  It  is  possible  that  this  was  the  case. 
It  is  to  be  remembM«d,  however,  that  this  experiment  was  carried 
out  during  the  hot  weather  of  a  New  England  summer,  in  a  season 
which  was  unusually  dry  and  warm.  It  is  not  at  all  strange  if  three 
of  the  subjects  should  have  had  for  a  day  or  two  a  slight  disturbance 
such  as  is  recorded  above.  Certainly,  if  the  slight  gastro-intestinal 
attack  suffered  by  E.  C.  M.  on  July  27  was  due  to  the  action  of  sodium 
benzoate,  it  would  naturally  be  expected  that  as  the  doef^  was 
continued  through  the  foUowii^  weeks  and  succeeded  by  still  larger 
doses  in  October,  there  would  be  a  recurrence  of  these  symptoms. 
Od  the  contrary,  the  subject  had  this  brief  attack  for  a  day  or  two 
in  July  and  was  not  visited  by  corresponding  symptoms  at  any  later 
date.  Further,  in  the  case  of  W.  C.  R.  the  slight  diarrhea  which 
occurred  August  31,  if  due  to  sodium  benzoate,  would  naturally  be 
expected  to  recur  as  the  dosage  was  continued  and  enlarged.  Further 
symptoms  of  this  trouble,  however,  failed  to  appear  even  when  the 
dosage  was  increased  to  the  maximum  of  4  grams  per  day.  It  seems 
far  more  reasonable  to  believe  that  these  were  incidents  such  as, 
especially  in  the  summer  time,  are  liable  to  occux  in  the  case  of  any 
normal  individual. 
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Ref««nce  should  aiao  be  made  to  the  case  of  L.  M.  L.,  whose  urine 
oa  September  24,  October  19  and  26,  showed  a  few  granular  casts. 
Hie  conclusion  of  the  medical  examiner  that  the  appearance  of  these 
casts  in  the  urine  was  due  entirely  to  physical  strain  which  the  subject 
experienced  on  those  dates  seems  justifiable.  Certainly,  if  sodium 
benzoate  was  the  cause,  it  is  singular  that  no  one  of  the  other  subjects 
showed  similar  signs.  Furthermore,  it  is  to  be  noted  that  the  first 
appearance  of  the  casts,  viz,  on  September  24,  was  during  the  first 
after  period  when  no  sodium  benzoate  was  being  taken.  Finally, 
emphasis  is  to  be  laid  on  the  fact  that  at  the  close  of  the  experiment 
on  November  7  the  urine  of  this  subject  was  entirely  free  from  casts. 
If  sodium  benzoate  was  responsible  for  the  appearance  of  these  few 
casts  in  the  urine,  it  would  naturally  be  expected  that  the  deranged 
condition  produced  thereby  with  so  large  a  dosage  of  benzoate  would 
continue  for  at  least  a  week  or  two  after  cessation  of  the  dosage. 

The  clinical  evidence  in  all  six  cases,  weighed  as  carefully  as  possible, 
leads  to  the  general  conclusion  that  the  health  of  the  subjects  was  not 
at  all  impaired  by  the  sodium  benzoate  fed.  It  is  proper  to  add  that 
the  general  better  condition  of  the  subjects  as  reported  by  the  medical 
examiner  at  the  conclusion  of  the  test  might  well  be  attributed  in  large 
measure  to  the  regular  mode  of  life  entailed  by  an  experiment  of  this 
character. 

EFFECT  ON  BODY  WEIOHT. 

The  subjects  wwe  weighed  at  the  same  hour  in  the  morning  every 
thu*d  or  fourth  day  throughout  the  entire  period  of  the  experiment. 
ITie  record  is  shown  in  the  following  table  for  all  six  subjects.  For 
convenience  and  for  the  purpose  of  obtaining  a  clearer  view  of  the 
changes  in  body  weight  a  second  table  is  added,  giving  the  mean  body 
weight  of  each  subject  during  given  periods  of  seven  to  ten  days. 
This  second  table  shows  the  body  weight  of  each  subject  during  the 
fore  period  from  July  6  to  July  19,  and  then  weekly  during  the  first 
bensoate  period,  etc.: 
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Rtcord  of  body  vmght — Continued. 
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CoDipanBon  of  the  figures  shows  that  all  of  the  subjects  had  at 
the  close  of  the  experiment  a  greater  body  weight  than  at  the  begin- 
ning. The  gain  in  weight  was  quite  appreciable  in  most  instances. 
Reference  should  be  made  to  one  fact  which  stands  out  quite  notice- 
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ably  when  the  figures  are  carefully  scrutinized.  During  the  last 
portion  of  the  experiment,  viz,  about  the  middle  of  October,  there 
was  a  tendency  for  body  weight  to  diminish  somewhat;  In  this 
connection  it  should  be  stated  that  the  college  year  commenced  the 
last  of  September,  so  that  during  the  last  month  of  the  experi- 
ment all  of  these  men  had  a  certain  amount  of  extra  work  to  do. 
This  necessitated  their  working  in  the  laboratory  every  night,  so 
that  there  was  an  added  strain  which  did  not  exist  during  the  months 
of  July,  August,  and  September.  It  is  natural  to  suppose  that  this 
added  pressure  of  work  may  have  had  an  influence  both  upon  appe- 
tite and  upon  body  weiglit.  In  any  event,  the  fact  should  be  given 
due  emphasis.  Examination  of  the  data  for  the  individual  subjects 
shows  that  H.  H.  G.  began  the  experiment  with  a  body  weight  of 
51  kilograms  and  reached  a  maximum  of  54.6  kilograms  during  the 
week  of  September  21,  after  which  he  lost  somewhat  in  weight, 
ending  the  experiment,  however,  with  a  body  weight  of  53.9  kilo- 
grams. W.  W.  H.  began  with  a  body  weight  of  51.3  kilograms  and 
ended  with  a  body  weight  of  54.5  kilograms.  L.  M.  L.  began  the 
experiment  with  a  body  weight  of  69  kilt^ams,  and  ended  with  a 
body  weight  of  70.8  kilograms.  It  is  perfectly  obvious,  therefore, 
that  sodium  benzoate  taken  in  the  doses  indicated  did  not  lead  to  a 
loss  of  body  weight.  >^ 

Since  body  weight — everything  else  being  equal — is  closely  con- 
nected with  the  daily  diet,  it  is  pertinent  to  remark  that  the  quan- 
tity of  food  taken  by  these  subjects  did  not  increase  with  the  progress 
of  the  experiment.  Reference  to  the  statements  made  under  the 
head  "Character  of  daily  diet"  shows  that  in  every  instance  less 
nitrc^enous  food  was  ingested  daily  by  all  of  the  subjects  during 
the  last  half  of  the  experiment  than  was  taken  at  the  outset.  Further, 
the  fuel  value  of  the  food  during  the  week  October  8  to  14  was  not 
essentially  different  from  the  fuel  value  of  the  food  taken  near  the 
beginning  of  the  experiment.  The  increase  in  the  body  weight  of 
the  subjects,  therefore,  must  be  credited,  not  to  any  excessive  intake 
of  food,  but  simply  to  a  good  nutritive  condition,  which  was  cer- 
tainly not  impaired  by  the  sodium  benzoate  taken  with  the  food. 

EFFECT  OS'  THE  BLOOD. 

Study  of  the  blood  was  limited  to  a  determination  of  the  number 
of  red  corpuscles  (erythrocytes),  white  corpuscles  (leucocytes),  and 
the  hemt^lobin-content  of  the  blood  during  the  different  periods  of 
the  experiment;  the  object  of  this  series  of  observations  being  to 
ascertain  whether  or  no  sodium  benzoate  exerts  any  noticeable 
influence  upon  the  formed  elements  of  the  blood. 

The  blood  was  taken  from  the  tip  of  the  finger  or  the  ear  by  means 
of  a  snoall  lancet.    The  Thoma-Zeiss  counting  apparatus  was  employed 
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for  the  enumeration  of  the  red  and  white  corpuscles,  while  the  hemo- 
globin was  determined  by  the  Fleisch)  hemometer." 
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Critical  study  of  these  results  frOm  all  sides  fails  to  show  any  deci- 
sive effect,  especially  when  due  consideration  is  given  to  the  well- 
known  fact  that  the  counting  of  blood  corpuscles  is  always  attended 
with  some  uncertainty,  owing  to  the  necessarily  large  magnification 
of  small  errors  of  observation. 


o  In  the  enumeration  of  the  corpuscles,  all  the  Bquares  on  the  slide  were  counted, 
nunely,  144  in  the  case  of  the  leucocytee  and  256  for  the  erythrocytes,  and  the  aver- 
ages det«nniDed.  Fuidier,  in  most  caaes  counts  were  made  from  two  samples  of 
blood. 

In  the  estimation  of  the  hemoglobin  the  results  given  are  the  averages  of  several 
readings  on  the  color  scale,  made  uaually  by  two  obeeTvetS' 
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Considering  firat  the  erythrocytes,  or  red  corpuscles,  the  figures 
show  a  numerical  increase  in  the  number  of  erythrocytes  during  those 
periods  when  the  benzoate  was  taken  and  in  the  jteriods  shortly  there- 
after in  several  of  the  subjects.  This  is  certaiidy  the  case  with  the 
subjects  H.  H.  G.,  W.  W.  H.,  and  W.  C.  R.  The  difference,  however, 
between  the  figures  during  these  periods  as  compared  with  the  fore 
period  is  not  great.  With  the  subject  L.  M.  L.  there  was  no  ^eat 
increase  during  the  period  of  the  benzoate  feeding.  In  fact,  during 
the  second  benzoate  period  the  ntunber  of  erythrocytes  per  cubic 
millimeter  of  blood  was  a  trifle  below  the  count  of  the  fore  period. 
With  E.  C.  M.,  taking  the  figures  as  they  stand,  the  number  of 
erythrocytes  during  both  benzoate  periods  was  lower  than  in  the 
fore  period  or  in  the  first  after  period.  With  J.  F.  L.  the  blood 
counts  of  the  first  four  periods  showed  very  little  variation.  If  one 
were  inclined  to  follow  the  indications  of  the  bare  figures,  it  m^bt  foe 
said  that  aodiuoi  benzoate  tends  to  increase  the  number  of  r«l  cor- 
puscles in  the  blood.  Such  a  statement,  however,  would  doubtless 
be  mideading.  What  the  results  really  imply  is  thai  the  sodium  ben- 
soate  fed  has  had  no  appreciable  effect  whatever  upon  the  number  of 
erythiocytee  in  the  Mood,  or  certainly  has  not  interfered  with  those 
conditions  of  nutrition  which  are  essential  to  the  maintenance  of 
a  normal  condition  (^  the  blood. 

Regardii^  the  leucocytes,  or  white  corpuscles,  the  case  of  W.  W.  H. 
stands  out  conspicuously.  For  this  we  have  no  explanation  to 
oBet.  Thwe  was  with  this  subject  a  decided  increase  in  the  number 
of  leucocytes  during  the  first  benzoate  period,  the  first  after  period,  and 
in  the  sectmd  benzoate  period.  It  is  hardly  logical  to  believe  that  this 
increase  in  leucocytes  was  due  to  the  benzoate,  since  if  such  were  t^ 
case  the  first  after  pmod  would  hardly  have  shown  an  increase  over 
Uie  count  of  the  first  benzoate  period,  fmd,seGondly,  during  the  seomd 
benzoate  period,  when  the  larger  doses  were  taken,  an  increase  rather 
than  a  decrease  of  leucocytes  would  have  been  expected.  W.  W.  H. 
was  not  a  robust  subject,  although  practically  well  throughout  the 
experiment  with  the  exception  noted  under  "CUnical  observations." 
Afdde  from  this  peculiarity  the  leucocyte  count  with  the  different 
subjects  can  not,  in  our  judgment,  be  interpreted  as  indicating  any 
specific  result  in  one  direction  or  the  other.  White  blood  corpuscles 
are  always  prone  to  some  fluctuation,  and  with  the  exception  of 
subject  W.  W.  H.  there  is  throughout  a  fair  d^free  of  agreement. 
There  is  certainly  nothing  in  the  data  presented  imder  this  head 
which  would  justify  any  other  conclusion  than  that  the  leucocytes 
<^  the  blood  were  not  materially  influenced  by  the  sodium  benxoate 
taken. 
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Regarding  the  hemoglobin  content  of  the  blood,  the  figures  show 
without  exception  a  slight  increase  as  the  experiment  progreesed. 
Here,  again,  we  are  inclined  to  the  view  that  it  would  not  be  wise  to 
say  that  sodium  ben'zoate  tends  to  increase  the  hemoglobin  content 
of  the  blood.  More  consistent  and  more  in  harmony  with  the  genera) 
results  of  oxir  experiment  is  the  statement  that  sodium  benzoate, 
judging  by  these  data,  certainly  does  not  tend  to  decrease  the  content 
of  hemoglobin  and  does  not  interfere  with  that  condition  of  good 
health  which  leads  to  the  maintenance  of  a  normal  amount  of 
hemoglobin  in  the  blood. 

EFFECT  OH  TEE  FECES. 

The  feces  of  each  subject  were  collected,  when  passed,  on  every 
day  of  the  experiment,  duly  weighed  and  prepared  for  analysis. 
As  is  well  known,  chemical  and  bact^ological  study  of  the  solid 
excrement  furnishes  much  valuable  information  regarding  the  influ- 
ence of  any  substance  ingested  with  the  food  on  digestion,  utiliza- 
tion of  food,  fermentation,  putrefaction,  and  other  changes  more 
or  less  normal  to  the  alimentary  tract.  Further,  study  of  the  feces 
may  reveal  the  existence  of  incipient  diarrhea,  constipation,  etc., 
important  in  their  bearing  upon  the  question  of  health.  In  the 
tables  showing  the  daily  records  of  urine,  feces,  etc.,  will  be  found 
the  weights  of  feces  passed  by  the  individual  subjects  each  day. 
Here,  however,  for  convenience,  we  have  brought  together  the 
average  daily  weight  of  the  feces  for  periods  of  seven  and  ten  days 
for  each  subject,  so  that  comparison  can  be  made  of  the  fore  and 
other  periods,  when  benzoate  was  not  givea,  with  the  periods  when 
sodium  benzoate  was  taken.  Comparison  of  these  figures  makes  it 
apparent  that  the  daily  weight  of  feces  during  the  fore  period  was 
greater  per  day  with  each  individual  than  in  the  later  periods.  In 
other  words,  at  first  glance  it  might  seem  that  sodium  benzoate  had 
tended  to  reduce  the  amount  of  excremcntitious  matter.  This, 
however,  is  not  strictly  true.  It  will  be  remembered  that  in  the  first 
three  periods,  covering  twenty-one  days,  up  to  July  26,  the  intake 
of  protein  food  was  larger  than  in  the  later  periods.  Likewise,  in 
the  earlier  days  of  the  experiment  a  larger  proportion  of  green, 
cellulose-containing  food  was  consumed.  This  would  ■  naturally 
tend  to  give  rise  to  a  larger  weight  of  feces.  If,  therefore,  we  take 
the  results  after  July  26  to  the  end  of  the  experiment,  it  will  be  seen 
that  the  weight  of  moiat  feces  per  day  was  not  materially  affected. 
In  other  words,  the  volume  of  feces  for  the  individual  subjects  was 
not  uniformly  different  in  the  long  first  benzoate  period  as  contrasted 
with  the  first  after  period,  the  second  benzoate  period,  and  the  final 
period.     Minor  differences,  to  be  sure,  do  appear,  but  the  table 
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giving  averftge  weights,  lowing  moist  feces  per  day,  clearly  bears 
out  the  statement  that  there  was  no  radical  change  in  the  volume 
of  feces  passed  after  the  26th  of  July,  and  consequently  there 
can  not  be  ascribed  to  sodium  benzoate  in  the  dosage  taken  any 
specific  effect  upon  the  volume  of  feces  passed  per  day,  it  being 
understood  that  the  total  volume  and  general  character  of  the  food 
consumed  each  day  were  essentially  the  same. 
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R^arding  the  content  of  water  in  the  feces,  the  following  table 
shows  the  averse  daily  results  for  the  periods  indicated  under  the 
head  "I>ate."  Here,  again,  there  ia  no  marked  effect  to  be  ascribed 
to  the  benzoate.  In  the  long  first  benzoate  period  each  individual 
shows  a  slight  increase  in  the  percentage  of  water  in  the  feces.  It 
amounts,  however,  to  only  3  to  4  per  cent.  To  ascribe  this  slii^ht 
difference  to  the  specific  action  of  benzoate  \t'ouI(I  seem  hazardous 
when  the  data  during  the  second  benzoate  period,  the  dosa^^e  being 
largely  increased,  show  no  noticeable  change  in  the  water  content  of 
the  feces.  Obviously,  sodium  benzoate  in  the  doses  given  to  our  sub- 
jects does  not  lead  to  diarrhea  or  any  kindred  trouble.  So  far  as  the 
bulk  and  water  cont«nt  of  the  feces  is  concerned,  there  is  no  indica- 
tion of  any  deviation  from  the  normal. 
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•CalcUlMed  tnaa  the  wdght  ol  Uw  ilrdty  malerU. 

IHTXUBNCR  ON  BIQESTION  AND  UTIUZATION  Or  PROTEIN  FOOD. 

The  amount  of  nitrc^n  contained  in  the  feces  is  the  best  meaaure 
that  we  possess  of  the  degree  of  digestion  and  absorption  of  the  protein 
or  nitrogenous  foodstufe.  Knowing  the  amount  of  nitrogen  in  the 
daily  food  and  collecting  the  feces  of  the  corresponding  24  hours, 
a  determination  of  the  nitrogen  contained  therein  will,  by  compari- 
son with  the  nitrogen  intake,  show  the  extent  of  utilization  of  the 
ingested  protein  food.  In  this  way  is  obtained  an  indication  of  tJw 
extent  to  which  the  nitrogenous  food  is  digested  and  absorbed,  uid 
any  fluctuation  in  the  content  of  fecal  nitrogen  is  to  be  associated 
with  corresponding  fluctuations  in  the  extent  of  digestion  and  utiliaa- 
tion.  From  the  tables  showing  the  daily  record  of  the  individual 
subjects,  the  intake  of  nitrogen  in  the  form  of  food  and  output  of 
nitrogen  in  the  feces  have  been  collected  and  brought  together  in 
the  followii^  tables,  giving  in  summary  form  the  average  daily  intake 
of  nitrogen  and  averse  daily  output  of  nitrogen  in  the  feces  for  the 
different  periods  of  the  experiment,  thus  giving  the  d^ree  of  diges- 
tion  and  absorption  of  the  daily  food  expressed  in  terms  of  nitrogen, 
per  cent  utilized.  It  may  be  added  here  that  the  nitrogen  of  the 
daily  food  (for  details  regarding  nitrogen  content  of  the  food,  see  daily 
food  charts)  was  determined  by  the  Kjeldahl  method  with  addition 
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of  mercuric  oxide.     Nitrogen  of  the  feces  was  detenoined  in  a  Bimilar 
nuumer,  using  the  dried  material. 

The  following  tables  show  the  utihzation  of  nitn^ea  by  each 
subject  during  the  fore  period,  from  July  6  to  July  19;  during  the 
first  braizoate  period,  from  July  20  to  September  20;  during  the  iirst 
after  period,  from  September  21  to  September  30;  during  the  second 
benzoate  period,  from.  October  1  to  October  28;  and  in  the  final  after 
period  from  October  29  to  November  7.  In  every  case  it  will  be 
found  by  scrutiny  of  the  results  that  the  utilization  of  nitrogen, 
meaning  thereby  the  digestion  and  absorption  of  the  protein  food, 
showed  at  the  end  of  the  experiment  a  slight  improvement  over  that 
at  the  commencement.  Thus,  with  the  subject  W.  W.  H.,  during  the 
fore  period  89  per  cent  of  the  nitrogen  was  utilized;  during  the  first 
benzoate  period  the  result  was  hkewise  89  per  cent;  during  the 
first  after  period  91  per  cent;  during  the  second  benzoate  period 
90  per  cent;  while  in  the  final  after  period  90  per  cent  was  utilized. 
This  is  a  sample  of  the  utihzation  of  nitrogen  by  all  the  subjects 
in  the  different  periods  of  the  experiment.  We  are  not  disposed 
to  imply  that  sodium  benzoate  tends  to  improve  the  utilization  of 
nitrogen.  The  point  to  be  emphasized  is  that  there  was  no  dete- 
rioration; no  falling  off  in  the  completeness  of  digestion  and 
absorption  of  die  protein  food.  Such  sUght  gain  as  is  indicated  by 
the  figures,  if  of  any  significance  at  all,  is  to  be  attributed  solely  to 
the  general  improvement  in  the  health  of  the  individuals.  In  other 
words,  the  sodium  benzoate  taken  during  the  experiment  exercisi>d 
no  deleterious  influence  upon  the'  digestion  and  utilization  of  the 
protein  food. 
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DITLUBHCB  OH  DiaESTIOH  ANB  ITTILIZATIOH  OF  FAT. 

The  extent  to  which  the  fat  of  the  food  is  made  available  for  the 
needa  of  the  body  ia  determined  by  ascertaining  the  amount  of  fat 
which  passes  through  the  alimentary  tract  in  the  feces.  BJiowing 
the  amount  of  fat  contained  in  the  dally  food,  it  is  then  easy,  by  asimple 
process  of  subtraction,  to  estimate  the  amount  of  fat  per  day,  or  in 
any  given  period  of  time,  unabsorbed,  and  thus  figure  the  extent  of 
its  utihzation.  Reference  to  the  tables  showing  the  daily  food  com- 
position of  the  individual  subjects  will  give  the  data  for  the  intake 
of  fat.  Throughout  the  experiment,  during  the  stated  periods,  all 
articles  of  food  were  carefully  analyzed  lor  their  content  of  fat. 
During  corresponding  periods  of  time  the  fat  of  the  feces  was  likewise 
carefully  determined.     In  the  tables  showing  the  daily  record  of  the 


INFLUENCE  OF  SODIUM  BENZOATE  ON  NUTRITIOK  AND  HEALTH. 


41 


subjecte  will  be  found  the  amount  of  fat  utilized  during  the  different 
seven-day  periods  of  the  experiment.  These  data  are  brought  together 
in  the  foUowing  tables,  in  which  is  shown  the  percentage  utilization  of 
the  ingested  fat  for. the  fore  period,  the  two  benzoate  periods,  etc. 
From  examination  of  these  tables  it  is  seen  that  in  every  case,  with  the 
exception  of  J.  F.  L.,  the  utihzation  of  fat  showed  a  noticeable  improve- 
ment throughout  the  experiment.  Thus  in  the  case  of  H.  H.  G.  the 
average  utilization  of  fat  during  the  fore  period  was  95  per  cent ;  dur- 
ing the  first  benzoate  period,  96.6  per  cent ;  during  the  first  after  period, 
98  per  cent;  during  the  second  benzoate  period,  98  pec  cent;  during 
the  final  after  period,  98  per  cent.  These  figures  are  practically  dupU- 
cated  with  all  of  the  subjects  excepting  J.  F.  L.  In  the  case  of  the 
latter  subject,  while  the  difference  is  not  great,  there  is  a  slightly 
diminished  utilization  of  fat  during  the  first  benzoate  period,  viz, 
96.6  per  cent,  as  contrasted  with  98  per  cent  in  the  fore  period.  In 
the  second  benzoate  period,  however,  the  utilization  of  fat  amounted 
to  97.5  per  cent,  while  in  the  lest  after  period  it  was  98  per  cent — the 
same  figure  as  in  the  fore  period.  It  is  thus  plainly  apparent  that,  so 
far  as  analysis  will  show,  the  sodium  benzoate  fed  was  without  any 
appreciable  influence  upon  the  digestion  and  absorption  of  the  fat  of 
the  food.  The  slight  improvement  in  utilization  indicated  by  the 
majority  of  the  figures  is  too  small  to  have  any  special  significance. 
The  data  are  simply  in  harmony  with  the  general  fact  that  the  sub- 
jects were  throughout  the  experiment  showing  a  sUght  improvement 
in  their  physical  condition.  In  any  event  it  is  plain  that  sodium 
benzoate  does  not  exert  any  deleterious  infiuence  upon  the  digestion 
and  absoipUon  of  fat;  certainly  not  in  the  doses  employed  in  our 
experiment. 
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While  chemical  examination  of  the  fec«s  is  competent  to  show  any 
material  change  in  the  digestion  of  the  protein  or  fat  of  the  food,  a 
substance  such  as  sodium  benzoate  might  exert  a  slight  inhibitoty 
effect  upon  the  digestion  of  different  articles  of  food  without  produc- 
ing any  marked  change  in  the  chemical  composition  of  the  feces. 
Further,  it  is  well  to  employ  additional  methods  to  substantiate,  if 
possible,  the  findings  by  chemical  analysis.  With  this  end  in  view, 
the  feces  of  the  individual  subjects  were  at  given  periods  examined 
carefully,  microscopically  and  macroscopically,  after  the  method 
employed  by  Schmidt,  as  described  by  Steele  in  Medical  News, 
December  16,  1905.     Most  stress  was  laid  on  ascertaining  whether 
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abnormal  amounts  of  undigested  muscle  fiber,  comiective  tissue, 
mucin,  or  starch  grains  would  appear  in  the  feces  during  the  feeding 
of  sodium  benzoate.  The  reaction  of  the  feces  was  hkewise  noted 
with  litmus  and  mercuric  chloride.  Attention  was  also  given  to  the 
poeuble  occurrence  of  abnormal  quantities  of  fat. 

In  making  the  test  a  special  diet  as  recommended  by  Schmidt 
waa  given  for  two  days,'  in  which  care  was  taken  to  avoid  the  ii^;eB- 
tion  of  food  rich  in  cellulose,  seeds,  skins  of  fruits,  or  other  ingredients 
which  are  absolutely  indigestible  in  the  human  alimentary  tract. 
The  feces  for  given  periods  were  separated  by  means  of  lampblack. 
In  examining  the  feces  a  portion  about  the  size  of  an  English  walnut 
was  ground  up  thorou^y  in  a  mortar,  with  a  small  amount  of 
water.  The  well-triturated  material  was  then  placed  in  a  Petri  dish 
and  examined,  both  with  and  without  the  microscope,  for  unchanged 
muscle  fibers,  connective  tissue,  and  mucin.  For  the  detection  of 
starch  granules  the  shdes  were  treated  with  a  drop  of  iodine  solu- 
tion. In  cases  of  doubt  as  to  the  presence  of  mucin  or  connective 
tissue  a  drop  of  dihite  acetic  acid  was  ^>pUed  to  the  material.  The 
reactitm  of  the  feces  to  litmus  was  determined  by  means  of  mois- 
tened Utmus  paper.  The  hydrobilirubin  test  was  made  by  miTing 
some  of  the  triturated  feces  with  an  equal  volume  of  a  saturated 
solution  of  mercuric  chloride. 

Examinations  of  the  feces  by  this  method  were  made  on  the  fol- 
lowing days:  July  15  to  16,  durii^  the  fore  period;  August  12  to  14, 
during  the  first  benzoato  period;  S^tember  2  to  4,  likewise  in  tbe 
first  benzoate  period;  September  23  to  25,  in  the  first  after  period; 
October  23  to  26,  in  the  second  benzoate  period;  October  31  to 
NoveiBber  1,  at  the  be^nnii^  of  the  second  after  period;  and 
November  3  to  4,  in  the  final  after  period. 

The  results  of  these  tests  may  be  briefly  stated  as  follows:  The 
character  of  the  feces  appeared  at  all  times  to  be  norm^.  While 
there  were  occasionally  small  bite  of  connective  tissue  or  muscle 
fiber,  they  could  not  be  regarded  aa  bedng  present  in  abnormal 
amounts.  Potato  starch  granules  were  rarely  observed.  The  reac- 
tion to  Htmus  was  neutral  or  slightly  acid.  In  the  corrosive  subli- 
mate testa  for  hydrobilirubin  a  decided  pink  coloration  was  obtained 
in  every  instance.  Except  for  the  occasional  presence  of  small  bits 
of  vegetable  or  fruit  skins  and  seeds,  the  character  of  the  feces 
seemed  to  be  unchanged  during  the  entire  period  of  the  investigation. 

INFLTTEHCB  ON  THB  INTB8TINAI.  FLOKA. 

With  a  view  to  ascertaining  whether  sodium  benzoate  exerts  any 
influence  upon  the  character  of  the  bacteria  of  the  intestines,  com- 
parative studies  of  the  intestinal  flora  were  made  during  the  different 
periods  of  the  experiment.    For  this  purpose  definite  amounts  of 
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feces  (1  gram)  were  introduced  into  10  cubic  centimeteis  of  physio- 
l<^cal  salt  solution  and  triturated  with  a  glass  rod.  Two  or  diree 
platinum  wire  loopfuU  of  the  suspension  were  spread  over  the  surface 
of  microscope  slides  and  allowed  to  diy.  The  slides  were  then  stained 
by  the  ordinary  Gram  method,  and  placed  serially  in  traya.  Thorough 
microscopic  examinations  were  made  to  determine  any  marked 
differences  in  the  nature  of  the  flora  during  the  various  periods. 
For  the  first  fourteen  weeks  the  feces  were  stained  twice  a  week, 
while  during  the  remaining  four  weeks  such  stained  series  were 
prepared  three  times  a  week.  The  following  statements  are  taken 
almost  verbatim  from  Doctor  Rettger's  report  of  his  findings: 

To  the  practiced  observer,  so-called  "normal  feces"  present  a  more 
or  less  definite  appearance  when  stained  by  the  Gram  method.  Slight, 
and  in  a  few  instances  marked,  differences  may  occur,  but  on  the 
whole  th(  slides  tend  to  have  a  uniform  character.  The  nature  of 
the  flora  is  frequently  influenced  by  diet  and  by  pathological  condi- 
tions. In  order  to  obtwn  a  "normal"  picture  of  the  stained  feces 
a  large  number  of  samples  from  all  the  subjects  were  examined  dui^ 
ing  the  first  nonbraizoste  period.  These  slides  were  then  compared 
with  those  of  the  difi'erent  benzoate,  as  well  as  nonbenzoate,  perioils. 

The  character  of  the  "normal"  slides  may  be  described  briefly 
as  follows:  Among  the  Gram-staining  organisms  the  most  prominent 
were  the  lai^  or  giant  cocci  (sewage  streptococci)  occurring  single, 
in  pairs  or  in  chains  of  three  or  more.  Along  with  these  were  a  large 
number  of  smaller  micro-  or  diplo-<;occi,  and  still  others  that  were 
quite  small,  like  the  pus  cocci.  Occasional  giant  bacilh  would  be 
seen,  single,  or  in  short  chains  an<l  somewhat  resembling  B.  ramosua. 
More  numerous  than  these  were  smaller  rods  of  the  capsulatus- 
aen^enes  type,  and  also  the  still  smaller  and  more  slender  forms 
which  were  often  decidedly  curved  (B.  acidophUusf).  Rarely  the 
branching,  club-shaped  form  {B.  bifidvsT)  was  seen.  A  small  number 
of  very  small,  thin  rods  hke  B.  jyyoeyaneus  were  also  usually  present. 
These  were  frequently  in  pairs. 

In  the  pink  or  red  oackground,  which  largely  predominated  over 
the  blue  or  violet,  the  most  prominent  organisms  to  be  regularly  seen 
were  the  very  slender  and  long,  often  curved,  rods  (to  a  great  extent 
like  B.pvir^nts  without  itji  spore),  and  the  short  organism  of  the 
colon  bacillus  type.  Mingled  with  these  were  a  much  smaller  number 
of  intermediate  forms. 

While  there  were  numerous  departures  from  the  above  picture,  the 
differences  were  between  individual  slides,  and  not  between  different 
series  or  the  slides  of  the  different  periods.  For  example,  two 
samples  of  fece^  <luring  the  first  benzoate  jieriod  were  marked  by  an 
unusually  large  number  of  Gram  ]>ositive  long,  slender  rods,  while  a 
thiixl  contained  an  excess  of  the  Gram  jiositive  giant  bacilli  and 
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giant  cocci,  and  the  remaining  three  shdes  were  apparently  normal. 
In  another  series  of  the  same  period  two  of  the  slides  contained  an 
uuusuftl  number  of  the  loi^,  slender,  often  curved,  Gram  positive 
rods  (B.  acidophilus f),  while  the  remaining  four  appeared  to  be 
normal.  Again,  in  the  same  benzoate  period,  one  of  the  slides  showed 
a  predominance  of  long,  slender  Gram  positive  bacilli  and  the  Gram 
n^ative  baciUi  of  the  colon  bacillus  type.  A  second  slide  of  this 
series  was  more  Gram  positive  than  was  usually  seen,  while  in  two 
of  the  remaining  four  sUdes  the  giant  and  smaller  cocci  were  greatly 
in  excess  over  the  normal. 

In  one  of  the  Blides  of  the  second  nonbenzoate  period  the  Gram 
positive  giant  bacilli  were  numerous,  while  in  a  second  the  cocci 
largely  predominated,  and  in  a  third  of  the  eame  series  there  were 
very  few  of  the  long,  slender  Gram  negative  fomis,  but  an  abimdance 
of  the  Gram  negative  oi^anisms  of  the  colon  bacillus  type.  In  an- 
other slide  of  the  same  series  Gram  positive  bacilU  of  all  types  were 
present  in  large  numbers. 

The  slides  that  were  prepared  during  the  last  four  weeks  of  the 
investigation  were  much  more  uniform  in  appearance  than  at  any 
time  before.  These  four  weeks  covered  a  large  part  of  the  tast  or 
high  benzoate  period  and  the  entire  last  nonbenzoate  period. 
Although  special  emphasis  was  placed  on  the  comparative  study 
of  these  shdes,  it  was  impossible  to  note  any  differences  whatever 
between  the  feces  of  the  two  periods. 

There  is  no  evidence  in  the  data  obtained  that  the  ingestion  of 
sodium  benzoate  visibly  affected  the  character  of  the  intestinal 
flora,  as  revealed  by  the  Gram's  stain  and  microscopic  examination. 
YPhile  there  were  marked  differences  between  different  slides,  it  was 
impossible  to  associate  any  of  the  variations  with  any  of  the  benzoate 
periods.  The  differences  were  those  of  individual  feces  and  not  of 
any  particular  series  or  groups  of  series. 

TESMXHtTATlOlSI  TESTS  WITH  THE  FECES. 

These  tests  were  made  with  dextrose  (1  per  cent)  bouillon,  in 
Smith  fermentation  tubes.  The  tubes  were  inoculated  with  one 
platinum  loopful  of  the  suspension  of  feces  (1  gram  feces  in  10  c,  c. 
of  saline  solution),  and  kept  at  incubator  temperature  for  20  to  24 
hours.  Duplicate  tubes  were  always  employed,  and  the  average 
volume  of  gas  in  the  closed  arm  noted.  A  seco;id  examination  was 
made  at  the  end  of  about  48  hours.  As  the  results  of  the  second 
examination  rarely  differed  from  those  of  the  first,  only  one  set  of 
figures  are  given  here,  namely,  those  obtained  at  the  end  of  the  first 
incubation  period. 

Ab  wiD  be  seen  from  the  accompanying  tables,  the  average  amount 
of  gas  during  the  benzoate  periods  was  slightly  less  than  when  no 
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benzoate  was  given,  perhaps  implying  a  slight  degree  of  inhibition 
on  the  development  of  gas-producing  bacteria.  The  differences  are 
80  slight,  however,  that  no  special  significance  can  be  attached  to 
them. 
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SBDIltBNTB    IN   BOUILLOH    AKD    IN    TBB    DEXTBOSB-BOUILZAN 
FXBMBNTATION  TUBES,  INOCUI.ATED  WITH  FBOEB. 

The  sediments  in  cultures  24  hours  old  were  stained  by  the  Gram 
method,  and  examined  for  the  purpose  of  observmg  any  influraice 
that  the  ingestion  of  the  sodium  benzoate  lu^bt  have  on  the  char- 
acter of  the  sediments. 

It  was  found  that  the  bouillon  sediments  were  fairly  uniform 
throughout  the  investigation.  They  consisted  largely  of  the  colon 
bacillus,  often  in  practically  pure  form.  Occasionally  spore-bearing 
bacilli  of  the  subtUia  type  were  present  in  noticeable  quantities; 
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also  streptococci  and  rather  large  Gram  positive  bacilli  somewhat  re- 
semblicg  the  BadUua  aerogenea  capfulatua.  The  irregular  branching 
Gram  positive  organism  and  the  slender  G+  curved  rods  were  rarely 
observed.  None  of  these  forms  could  be  associated  with  any  par- 
ticular benzoate  or  oonbenzoate  periods. 

In  the  sediments  of  the  dextrose-bouillon  fermentation  tubes 
greater  differences  were  noted.  While  the  colon  bacillus  was 
usually  the  predominating  organism,  the  slides  frequently  had  a 
decidedly  Gram  positive  appearance,  due  mostly  to  the  presence  of 
the  lai^  sewage  streptococci  and  the  smaller  streptococcus  form, 
and  to  the  two  Gram  positive  bacilli  already  described — the  irregu- 
lar branching  oi^anism  (B.  bifidua)  and  the  long,  slender,  curved 
rod  iB.  addophihiat).  The  larger  rods  of  the  aerogenes-capsulatua 
type  were  also  frequently  observed.  The  variations  were,  however, 
only  between  individual  slides,  and  apparently  had  nothing  to  do 
with  the  ingestion  of  the  benzoate.  For  example,  the  branching, 
often  club-shaped.  Gram,  positive  organism,  presumably  Tissier's  B. 
bijidus,  was  of  rather  common  occurrence  in  the  sediments  from  the 
feces  of  one  of  the  men  (H.  H.  G.)  and  seldom,  if  at  all,  in  those  of 
W.  C.  R.  None  of  the  above  irregularities  in  the  character  of  the 
sediments  could  be  associated  with  any  particular  benzoate  or  noa- 
benzoate  period. 

isrmxscE  on  ths  PumsFAcnoH  pboditotb  in  the  pbobs. 

For  the  det«ction  of  phenol,  indol,  and  skatol  20  to  25  grama  of 
feces  were  treated  with  250  c.  c.  of  water,  acidified  with  4  to  5  c.  c.  of 
dilute  sulphuric  acid  and  subjected  to  steam  distillation  until  150  c.  c. 
of  distillate  were  obtained.  The  distillate  was  then  tested  for  phenol 
hy  boiling  with  a  few  drops  of  Millon's  reagent.  The  reactions 
were  noted  as  negative,  slight,  moderate,  or  strong. 

Indol  was  at  first  detected  in  the  distillate  by  the  use  of  two 
reagents,  concentrated  nitric  acid  and  Ehrlich's  aldehyde  (dimethyl- 
amidobenzaldeKyde).  The  two  teste  were  employed  side  by  side 
for  about  six  weeks,  when  the  nitric  acid  test  was  discontinued. 
The  method  of  testing  with  Ehrlich's  aldehyde  was  simply  to  add 
tour  or  five  drops  of  the  aldehyde  solution  (made  by  dissolving  15 
grams  of  the  aldehyde  in  300  c.  c.  of  a  10  per  cent  solution  of  sul- 
phuric acid).  With  small  amounts  of  indol  a  rose  to  deep  red  color 
is  obtained  in  the  cold,  the  reaction  being  a  very  delicate  one.  The 
results  are  designated  as  n^ative,  slight,  moderate,  and  strong. 
As  the  amount  of  indol  was  at  no  time  large,  the  Herter  method  of 
testing  for  it  and  removing  it  from  solution  with  B-napthaquinone- 
sodium-monosulphonate  was  not  regularly  employed, 
TMU— No.  88-Oe i 
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In  the  detection  of  skatol  two  reagents  were  used  at  first,  namely, 
concentrated  sulphuric  acid  and  Ebrlich's  aldehyde.  The  former 
was  discontinued  after  about  two  months.  On  heating  a  solution 
containing  sk&toi  with  Ehrlich's  aldehyde  solution  a  blue  color  is 
obtained,  in  contrast  to  the  indol  test.  When  indol  and  skatol  are 
both  present,  the  indol  must  first  be  shaken  out  with  a  solution  of 
the  B-Qaphthaquinone-sodium-monosulphonate,  as  described  by 
Herter.  (See  Joum.  Biol.  Chem.,  II,  p.  267,  1906.)  Skatol  was, 
however,  not  observed  at  any  time,  and  only  the  indol-red  reactioa 
was  obtained  when  indol  was  present,  or  there  was  no  apparent 
reaction  at  all. 
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Comparison  of  the  data  in  the  two  preceding  tables  shows  that 
there  was  a  slight  increase  in  the  amount  of  phenol  detected  during 
the  last  or  high  benzoate  period.  Whether  this  8%;fat  increase  in 
phenol  was  connected  with  the  large  amount  of  aromatic  group  intro- 
duced associated  with  the  large  dosage  of  sodium  benzoate  is,  of 
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course,  wholly  questionable.  In  any  event,  considering  the  length 
of  time  the  investigation  was  continued  and  the  normal  variationB 
that  may  naturally  arise  from  time  to  time,  the  results  taken  as  a 
whole  for  phenol  must  be  regarded  as  being  fairly  uniform,  and  hence 
as  indicating  little  or  no  influence  on  the  part  of  sodium  benzoate. 

R^arding  indol,  the  only  inference  from  the  data  presented  is  that 
the  sodium  benzoate  was  without  influence  on  the  amount  of  indol 
present  in  the  feces. 

As  skatol  was  not  present  in  the  feces  during  any  of  the  periods,  no 
comment  on  this  sulwtance  is  called  for. 

Finally,  it  should  be  remarked  that  during  the  entire  invest^ation 
the  diet  of  the  individual  subjects  was  somewhat  low  in  nitrogen, 
certainly  lower  than  the  usual  or  average  diet,  which  fact  in  all 
probability  accounts  for  the  extremely  small  amounts  of  the  above 
so-called  putrefaction  products  in  the  feces  of  our  subjects. 

EFFECT  OH  THE  TTEIFE. 

Chemical  analysis  of  the  twenty-four  hours'  urine"  of  the  individual 
subjects  was  made  each  day  throughout  the  experiment.  The  only 
exception  to  this  statement  is  in  connection  with  hippuric  acid,  where 
at  certain  periods  each  day's  urine  was  extracted  separately,  the 
alcoholic  extracts  united,  and  the  hippuric  acid  determined  in  the 
mixture.  All  determinations  were  made  in  duplicate,  and  the  figures 
given  in  the  table  of  daily  records  are  the  average  of  two  closely 
concordant  results. 

METHODS  OF  ANALYSIS. 

Total  nitrogen  was  determined  by  the  Kjeldahl-Ounning  method. 

Urea-nitrogen  by  Folin's  method.  (American  Journal  of  Physi- 
ology, 1905,  vol.  13,  p.  45.) 

Ammonia-nitrogen  by  Folin's  metiiod.  (American  Journal  of  Physi- 
ology, 1905,  vol.  13,  p.  47.) 

Porine-nitrogen  by  the  KrOger-Schniid  method.  (Zeitechrift  f. 
physiologische  Chemie,  1905,  vol.  45,  p.  1.) 

Uric  acid-nitrogen  by  the  method  of  Folin.  (American  Journal 
of  Physiology,  1905,  vol.  13,  p.  49.) 

Hippuric  acid-nitrogen  by  the  method  of  Lewinaki.  (Archiv  fQr  ex- 
perimentelle  Pathologic  und  Pharmakologie,  1908,  vol.  Iriii,  p.  399.) 

Creatinine- nitrogen  by  Folin's  method.  (American  Journal  of 
Physiology,  1905,  vol.  13,  p.  48-)  * 

Total  sulphur  by  the  method  of  Schulz.  (Archiv  f.  d.  gesammte 
Riyaiologie,  1907,  vol.  120,  p.  114.) 

"  Que  waa  Ukeo  to  pieveot  fenneDUtive  chaDgee  in  the  day'e  urine  by  liberal  um 
irf  toluol. 
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Inorganic  sulphur  and  ethereal  sulphur  by  the  method  of  Folin. 
(Journal  of  Biological  Chemistry,  1905-6,  vol.  1,  p.  131.) 

Neutral  sulphur  by  difference. 

Phosphate  phosphorus  by  the  uranium  nitrate  method,  with 
potassium  ferrocyanide  as  indicator. 

Chlorine  by  the  Volhard  method. 

Indican  and  total  acidity  by  Folin's  method.  (Xmeiican  Journal 
of  Physiology,  1905,  vol.  13,  p.  53.) 

EFFECT  OK  YOItTTMS  OF  tmZNB  AND  SPECIFIC  OBATITT. 

Daily  fluctuations  in  the  volume  of  urine  and  the  specific  gravity 
may  be  studied  by  examination  of  the  table  of  daily  records.  As  a, 
better  means  of  comparison,  however,  we  present  in  the  two  following 
tables  the  average  volume  of  urine  per  day  and  the  average  specific 
gravity  of  urine  per  day  for  each  subject  during  the  seventeen  periods 
of  the  experiment.  Grand  averages  are  likewise  shown  for  each 
individual  covering  the  fore  period,  from  July  6  to  July  19;  the  first 
benzoate  period,  from  July  20  to  September  20;  the  first  after  period, 
from  September  21  to  September  30;  the  second  benzoate  period, 
from  October  1  to  October  28 ;  and  the  final  after  period,  from  October 
29  to  November  7. 

Average  vohime  o/vrine  ptr  day. 
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Avtroge  tpedfic  gravity  of  urine  ptr  day. 


Daw. 

DaUf 
doSol 
beniwte 

A  voiage  sptolflo  gravity  of  uilne  pet  da;. 

E  C  M 

W  C  R 

1.031 

o™-.. 

1.024 
1.033 

1.023 

iS 

1.028 
1.031 

1.017 

l.(B2 

:oi7 

:oi8 

.020 

1.022 

1.020 

1.022 
1.020 
1.021 
1.018 
1.018 

i:o2i 

1.026 

i:02fl 
1.024 

i:022 

i«?„";«-=- 

:3 

1.020 

li 
i;i 

i.oie 

1.033 

1.022 

l!o20 
1.020 

LOlO 
1.023 
1.021 

!:S 

a^tiMWM:;::::. 

1.017 

1.018             ..«0|           1.023 

1.021 

ftrt  "»» 

0      1           LOW 

i.oig  [         1.Q20 '         1.020 

1.021 

LOW 

.8             1.021 

2^0          i.an 

*.0             1. 018 

1.019 

i!oi8 

1.021 

i.oaa 

1.020 

1.020 
l!031 

1.023 
1.023 
1.032 
1.022 

Oct.  33  to  S 

L014 

1.020 

1.018 

i.no 

1.020 

1.023 

Oct.  WW  Nov.  7.. 

0             i.a»  1         i.oao 

1.023 

1.02O 

1.023 

L016 

1.020 

1.021 

Regarding  the  volume  of  urine  per  day,  it  is  to  be  noted  that  all 
the  subjects,  n'ith  the  exception  of  W.  C.  R.,  showed  some  little 
increase  in  the  volume  -excreted  during  the  first  benzoate  period 
as  compared  with  the  fore  period.  In  moat  instances  the  increase 
is  not  very  large.  In  two  cases,  namely,  H.  H,  G.  and  E.  CM., 
the  increase  is  somewhat  conspicuous.  The  subject  W.  C  R., 
however,  showed  during  the  first  benzoate  period  a  noticeably 
'  smaller  volume  of  urine  per  day  as  compared  with  the  fore  period. 
Secondly,  it  is  to  be  noted  that  in  the  first  after  period  of  ten  days  the 
volume  of  urine  dropped  to  the  level  of  the  volume  excreted  during 
the  fore  period  in  only  one  instance,  namely,  H.H.G.  In  three  of  the 
othercasesthevolumeper  dayin  the  first  after  period  was  greater  than 
during  the  benzoate  period,  while  two  of  the  subjects,  W,  W.  H.  and 
E.  C.  M,,  showed  a  slight  falling  off.  During  the  second  benzoate 
period,  where  the  dosage  was  much  larger,  the  volume  per  day  was 
increased  noticeably  in  the  case  of  W.  C.  R.  and  J.  F.  L.  With 
E.  C.  M.  the  volume  fell  off.  Likewise  in  the  case  of  L.  M.  L.,  when 
compared  with  the  ffrst  benzoate  period.  Finally,  in  the  last  after 
period  it  is  to  be  noted  that  the  volume  of  urine  remained  essentially 
unaltered.  The  differences  referred  to  are  not  very  great,  but  there 
is  a  suggestion  of  a  slight  diuretic  effect.  How  far  this  apparent 
diuretic  effect  is  to  be  connected  with  the  specific  action  of  sodium 
benzoate  and  how  much  to  other  possible  causes  is  to  be  questioned. 
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Thus,  some  consideration  must  be  given,  especially  in  connection 
with  the  first  benzoate  period,  to  the  possible  effect  of  the  heat  of 
midsununer  in  producing  increased  loss  of  water  from  the  body 
with  the  accompanying  increased  desire  for  water,  some  of  which 
would  naturally  pass  out  through  the  kidneys.  That  the  slightly 
increased  output  of  urine  per  day  observed  is  perhaps  to  he  asso- 
ciated with  other  causes  than  the  benzoate  is  suggested  at  least  by  the 
fact  that  the  volume  of  urine  did  not  diminish  noticeably  in  the  after 
periods  when  no  benzoate  was  taken.  Obviously,  however,  any 
accurate  determination  of  shght  diuretic  action  would  involve  careful 
compahsoii  of  all  intake  of  water  with  the  output  through  different 
channels. 

Regarding  the  specific  gravity  of  the  urine,  it  is  to  be  observed 
that  during  the  first  benzoate  period  the  specific  gravity  of  the  urine, 
with  the  exception  of  the  subject  W.  C.  R.,  was  somewhat  lower  than 
in  the  fore  period.  This  is  in  harmony  with  the  increase  in  volume. 
Subject  W.  C.  R.  showed  an  average  specific  gravity  during  the  first 
benzoate  period  of  1.018,  as  contrasted  with  1.015  of  the  fore  period. 
The  volume  of  urine  with  this  subject  averaged  1,239  c.  c.  during  the 
first  benzoate  period,  as  contrasted  with  1,508  c.  c.  in  the  fore  period. 
The  change  in  specific  gravity  of  the  urine  in  all  the  subjects  during 
the  first  benzoate  period  is  to  be  ascribed  solely  to  the  slight  changes 
ill  volume.  During  the  second  benzoate  period  the  specific  gravity 
suffered  little  change.  In  fact,  it  is  quite  apparent  that  the  solid 
matters  of  the  urine  were  not  altered  in  amount  underthe  influence 
of  sodium  benzoate,  since  the  specific  gravity  remained  essentially 
the  same,  except  so  far  as  it  underwent  slight  modification  incidental 
to  the  small  changes  in  volume. 

BFFBOT  ON  TOTAI.  NITBOaBN. 

The  output  of  total  nitrogen  in  the  urine  is  best  compared  by 
studying  the  grand  averages  for  each  individual  during  the  fore 
period,  the  first  benzoate  period,  and  the  four  subsequent  [>eriods. 
The  following  table  gives  the  averse  output  of  total  nitrogen  per 
day  for  the  six  subjects  during  the  seventeen  weekly  and  ten-day 
periods,  with  the  grand  averages  already  referred  to.  Examination 
of  the  data  shows  that  with  the  subjects  H.  H.  G.,  W.  W.  H.,  L.  M.  L. 
and  E.  C.  M.  the  total  nitrogen  of  the  fore  period  was  in  excess  of  that 
excreted  during  any  of*  the  later  periods.  The  somewhat  high  total 
nitrogen  output  of  the  four  subjects  during  the  fore  period  is  to  be 
attributed  to  the  lai^r  intake  of  nitrogen  from  July  6  to  July  26. 
This  fact  has  already  been  commented  upon  in  another  connection, 
but  it  needs  special  consideration  here,  since  it  is  well  known  that  the 
nitrogen  output  runs  more  or  less  parallel  with  the  nitrogen  intake. 
In  these  four  subjects  the  somewhat  larger  intake  during  this  fore 
period  was  especially  noticeable,  and  it  is  on  this  account  that  the 
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ftTfirage  daily  nitrogen  output  of  the  four  subjects  in  question  is 
relatively  high.  In  attempting  to  ascertain  whether  sodium  ben- 
zoate  exerts  any  influence  upon  the  output  of  total  nitrogen  through 
the  urine,  it  will  be  well  to  note  particularly  the  average  daily  output 
of  nitrogen  on  the  periods  subsequent  to  July  26.  If,  for  example, 
comparison  is  made  of  the  grand  averages  for  the  first  benzoate 
period,  the  first  after  period,  the  second  benzoate  period,  and  the  final 
after  period,  it  will  be  seen  that  there  is  practically  little  or  no  change 
in  the  average  output  of  nitrogen  in  any  of  the  subjects.  Somewhat 
striking,  indeed,  is  the  close  agreement  between  the  averages  for  the 
first  benzoate  period  and  the  second  benzoate  period  as  compared  with 
that  of  the  first  after  period.  Thus,  in  the  case  of  H.  H.  G.  the  grand 
average  for  the  first  benzoate  period  was  8,68  grams  of  nitrogen  per 
day;  for  the  second  benzoate  period  8.64  grama  of  nitrogen  per  day; 
while  for  the  period  in  between  it  was  8.53  grams  of  nitrogen  per  day. 
Again,  in  the  case  of  L.  M.  L.  the  average  output  of  nitrogen  per  day 
during  the  first  benzoate  period  was  9.47  grams;  for  the  first  after 
period  9.43  grams;  for  the  second  benzoate  period  9.42  grams. 
Still  again,  in  the  case  of  E.  C.  M.  the  average  output  of  nitrogen 
per  day  during  the  first  benzoate  period  covering  two  months  was 
9.82  grams;  during  the  first  after  period  9.83  grams;  during  the 
second  beilzoate  period  of  a  month  9.43  grams.  It  is  perfectly 
obvious,  therefore,  that  sodium  benzoate  in  the  dosea  taken  by  our 
subjects  does  not  affect  the  output  of  total  nitrogen  through  the 
urine  where  the  nitrogen  intake  remains  essentially  the  same. 
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XPTBCT  OK  THB  ITSBA-inTBOQBN. 

Urea,  more  than  any  other  one  nitrogenous  component  of  the  urine, 
fluctuates  in  harmony  with  the  amount  of  protein  food  ingested. 
Consequently,  it  is  to  be  expected  that  the  urea-nitrogen  will  show  the 
same  relatively  high  figure  during  the  fore  period  in  those  subjects 
whose  intake  of  nitrogen  was  high  during  the  first  two  or  three  weeks 
of  the  experiment.  In  harmony  with  this  view,  it  is  to  be  noted  that 
the  average  daily  output  of  urea-nitrogen  in  the  four  subjects,  H.  H.  G., 
W,  W.  H.,  L,  M,  L.,  and  E.  C.  M.,  is  comparatively  high  for  the  fore 
period. 

The  accompanying  table,  giving  the  amount  of  urea-nitrogen  per 
day  during  the  various  periods  of  the  experiment,  shows  that  aside 
from  these  four  high  figures  there  is  practically  no  change  whatever 
in  the  average  daily  output  of  urea-nitrogen  for  any  of  the  subjects  in 
the  different  periods  of  the  experiment.  In  other  words,  it  is  quite 
apparent  from  the  figures  presented  that  the  urea-nitrogen  excreted 
through  the  kidneys  is  not  influenced  in  any  degree  by  the  ingestion 
of  sodium  benzoate. 
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EFFECT  ON  AMMONIA-NTrKOaBN. 

The  table  herewith  presented,  showing  the  averse  daily  amount  of 
ammonia-nitn^n  excreted  by  the  individual  subjects  during  the  dif- 
ferent periods  of  the  experiment,  indicates  quite  plainly  that  this 
form  of  nitrogen  is  not  influenced  by  sodium  benzoate  tn  the  doses 
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used  in  our  experiment.  The  averages — except,  as  with  the  previous 
forms  of  uitrogen,  the  relatively  high  ammonia  yield  in  the  fore  period 
owing  to  the  larger  intake  of  protein  food — are  in  such  close  agreement 
that  it  is  {Jain  no  specific  effect  in  this  direction  can  be  attributed  to 
sodium  benzoste. 
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BFFBCT  ON  FUIlINE-NITaOOEN. 

The  daily  fluctuation  in  the  purine-nitrogen  of  the  individual 
subjects  is  seen  from  the  daily  charts.  In  the  appended  table,  how- 
ever, are  shown  the  figures  for  the  average  daily  content  of  this  form 
of  nitrogen  during  the  seventeen  periods  of  the  experiment,  with  the 
grand  averages  for  the  fore  period,  benzoate  periods,  and  after  periods, 
B^amination  of  the  data  shows  that  for  some  reason  (presumably  the 
larger  proportion  of  meat  in  the  diet)  the  excretion  of  purine-nitrogen 
per  day  is  greater  during  the  fore  period  than  in  any  of  the  later  pe- 
riods. From  July  20,  the  beginning  of  the  first  benzoate  period,  to 
the  end  of  the  second  benzoate  period  there  is  veiy  little  change  per 
day  in  the  excretion  of  this  form  of  nitrogen.  The  average  daily 
excretion  during  the  first  benzoate  period  and  during  the  first  after 
period  is  almost  identical,  and  with  one  exception  the  same  is  true 
for  the  daily  average  excretion  during  the  second  benzoate  period. 
It  is  thus  apparent  that  sodium  benzoate  does  not  have  any  tangible 
effect  upon  the  output  of  purine-nitrogen.  The  only  fact  that  would 
in  any  sense  stand  opposed  to  this  conclusion  is  the  relatively  small 
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average  output  of  purine-nitrogen  per  day  during  the  final  after 
period.  It  might  be  said,  for  example,  that  in  the  final  after  period 
the  purine-nitrt^en  excretion  drops  off  because  of  cessation  in  the 
dosage  of  benzoate.  If  this  were  the  case,  a  similar  result  would 
naturally  be  expected  in  the  first  after  period.  This,  however,  the 
data  show  is  not  the  case.  There  is  no  indication,  except  possibly 
in  the  case  of  W.W.  H.,ofanymarked  tendency  on  the  part  of  sodium 
benzoate  toward  changing  noticeably  the  excretion  of  purine-nitrogen. 
We  must  conclude  that  the  excretion  of  this  form  of  nitrogen  through 
the  urine  is  not  materially  modified  by  the  ingestion  of  sodium  ben- 
zoate in  the  doses  made  use  of  in  our  experiment. 
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EFFECT  ON  ITBIO  ACID-N  ITBOOEIf. 

The  accompanying  table,  giving  the  average  daily  output  of  uric 
acid-nitrogen  during  the  different  periods  of  the  experiment,  shows 
quite  plainly  that  the  excretion  of  this  form  of  nitrogen  is  not  changed 
in  any  degree  by  the  sodium  benzoate  taken.  Somewhat  noticeable, 
indeed,  is  the  close  agreement  In  the  average  daily  output  of  uric  acid- 
nitrogen  during  the  first  benzoate  period  and  durii^  the  second  ben- 
zoate period  in  the  case  of  the  subject  H.  H.  G.,  as  well  as  in  E.  C.  M., 
W.  C.  R.,  and  L.  M.  L.  In  fact,  the  data  speak  for  themselves  quite 
clearly,  that  sodium  benzoate  is  without  effect  upon  the  excretion  of 
uric  acid. 
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EFFECT  ON  CBEATtNINE-NrraOCIEN. 
The  accompanying  table,  showing  the  average  daily  excretion  of 
creatinine-nitTOgen  for  the  individual  subjecta  during  the  seventeen 
periods  of  the  experiment,  makes  it  quite  clear  that  here  likewise 
there  ia  no  influence  exerted  by  sodium  benzoate  which  can  be  noted. 
The  figures  giving  the  grand  averages  for  the  fore  period,  first  benzoate 
period,  first  after  period,  second  benzoate  period,  etc.,  with  the  dif- 
ferent subjects,  are  so  closely  alike  that  the  conclusion  above  is 
thoroughly  justified  by  the  results. 
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EFFECT  OK  HIPPUBIC  ACID-NITIIOCIEK. 

In  considering  the  effect  on  the  excretion  of  hippuric  acid-nitrogen 
it  is  to  be  remembered  that  hippuric  acid  is  not  wholly,  at  least,  a  prod- 
uct of  ordinary  protein  katabolism.  The  appearance  of  hippuric 
acid  in  the  urine  is  dependent  in  large  measure  upon  the  amount  of 
benzoyl-containing  substances  introduced  into  the  system.  The 
other  factor  contributing  to  the  production  of  hippuric  acid  is  the 
amount  of  glycocoU  available  in  the  system.  Under  ordinary  con- 
ditions of  body  metabolism  there  is  always  a  sufficient  amount  of 
glycocoll  present  to  combine  with  any  ordinary  amount  of  a  benzoyl- 
containing  radical  to  make  hippuric  acid,  this  acid  being  benzoyl- 
glycocoli.  In  view  of  these  facts,  it  is  obvious  that  the  taking  of 
sodium  benzoatc  will  naturally  be  followed  by  an  increase  in  the 
amount  of  hippuric  acid-nitrogen  contained  in  the  day's  urine.  Hip- 
puric acid-nitrogen  was  not  determined  each  day  of  the  experiment , 
as  already  noted,  but  sufficient  data  are  available  to  construct  a 
table  showing  in  a  general  way  the  average  daily  output  of  hippuric 
acid-nitrogen  for  different  periods  of  the  experiment.  The  table 
appended  shows  that  during  the  fii^t  benzoate  period  the  average 
daily  output  of  hippuric  acid-nitrogen  was  in  some  cases  lower  than 
the  average  daily  output  in  the  fore  period,  while  in  other  cases  the 
increase  was  so  slight  as  to  be  hardly  noticeable.  This  is  due  to 
variations  in  the  character  of  the  food.  It  is  a  significant  fact, 
having  bearing  upon  the  present  experiment,  that  the  excretion  of 
hippuric  acid  in  the  urine  can  be  easily  increased  or  decreased  by 
modifying  the  diet.  If  it  is  desired  to  increase  the  hippuric  acid 
output  it  is  simply  necessary  to  eat  fruits,  such  as  cranberries, 
huckleberries,  plums,  and  other  articles  rich  in  benzoyl  radicals,  in 
which  case  the  output  of  hippuric  acid  in  the  urine  is  increased.  In 
the  fore  period  on  some  days  a  diet  intentionally  designed  to  give  a 
high  hippuric  acid  yield  was  prescribed,  and  it  is  significant  that  the 
average  output  of  hippuric  acid  during  this  fore  period  was  in  many 
cases  as  great  as  in  the  first  benzoate  period,  when  0.3  gram  of  sodium 
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benzoate  was  given  daily.  Id  the  iirst  after  period  it  is  to  be  noted 
that  there  is  a  little  drop  in  the  output  of  hippuric  acid-nitrogen  as 
compared  with  that  of  the  first  benzoate  period.  In  the  second  ben- 
zoate period,  where  the  dosage  was  lai^e,  the  average  daily  output  of 
hippuric  acid-nitrogen  was  correspondingly  increased.  Somewhat 
noticeable  is  the  fact  that  in  the  final  after  period  the  excretion  of  hip- 
puric acid-nitrogen  still  continued  high,  showing  a  tendency  for  the 
benzoate  to  lag.  In  some  cases,  indeed,  notably  in  H.  H.  G.  and 
W.  W.  H.,  the  average  output  per  day  was  greater  in  the  final  after 
period  than  during  the  benzoate  period.  In  conclusion  then  it  may 
be  stated  that  sodium  benzoate,  in  harmony  with  well-known  physio- 
logical facts,  did  in  all  these  subjects,  when  the  dosf^e  was  suffi- 
ciently lai^e,  give  rise  to  an  increased  output  of  hippuric  acid- 
nitrogen.  This,  however,  is  not  to  be  interpreted  as  implying  a  dis- 
turbance of  the  nitrogen  metabolism  of  the  body  by  sodium  benzoate, 
but  is  simply  a  measure  of  the  combination  of  the  benzoyl  radical 
taken  with  the  preexistent  glycocoll. 
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I  DISTBIBTinON  OF  NZTBOaEN. 


So  far,  we  have  confined  our  attention  in  referring  to  the  different 
forms  of  nitrogen  excreted  through  the  urine  to  the  average  daily  out- 
put in  grams.  We  may  next  advantageously  consider  how  far 
sodium  benzoate  tends  to  disturb  the  average  distribution  of  nitrogen, 
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i.  e.,  how  far  the  percentages  of  the  different  forms  of  nitrogeQ  figured 
on  the  total  nitrogen  are  changed.  In  the  tables  showing  the  distri- 
bution of  nitrogen  and  sulphur  in  the  urine,  will  be  found  the  daily  per- 
centages of  the  different  forms  of  nitrogen  for  each  individual.  For 
comparison,  however,  tables  are  appended  for  each  subject  giving 
the  daily  average  distribution  of  nitrogen  for  the  different  periods, 
together  with  the  grand  averages  for  the  fore  period;  first  benzoate 
period;  first  after  period;  second  benzoate  period;  and  the  final  after 
period.  As  is  well  known,  about  85  per  cent  of  the  total  nitrogen  of 
the  urine  is  ordinarily  in  the  fonn  of  urea.  This  percentage,  however, 
is  dependent  in  a  measure  upon  the  amount  of  protein  food  taken. 

Comparison  of  the  six  tables  following  shows  that  in  the  first  ben- 
zoate period  the  percentage  of  urea-nitrogen,  i.  e.,  the  percentage  of 
urea-nitrogen  figured  on  the  total  nitrogen,  is  not  essentially  different 
from  that  of  the  fore  period.  In  the  case  of  W.  W.  H.  and  L.  M.  L.  there 
is  a  alight  decline,  whereas  in  E.  C.  M.  and  W.  C.  R.  there  is  a  slight  rise. 
These  differences,  however,  are  not  sufficiently  marked  to  have  any 
significance.  What  is  conspicuous,  however,  is  the  somewhat  notice- 
able drop  in  the  percentage  of  urea  in  all  the  subjects,  with  the 
exception  of  J.  F.  L.,  during  the  second  benzoate  period.  At  first 
glance  this  might  be  attributed  to  some  specific  action  on  the  part  of 
sodium  benzoate.  A  little  thought,  however,  will  show  that  this  does 
not  necessarily  follow.  During  the  second  benzoate  period  the  daily 
intake  of  the  benzoyl-containing  radical  was  fairly  lai^,  and  there 
resulted  a  correspondingly  large  increase  in  the  output  of  hippuric 
acid.  In  other  words,  the  ii^ested  benzoic  acid  combined  with  the 
requisite  amount  of  glycocoll  and  was  excreted  through  the  urine  as 
hippuric  acid.  In  the  absence  of  the  benzoic  acid  radical  the  glycocoll 
would  have  been  decomposed  into  urea.  The  slight  decrease  in  the 
output  of  urea  during  the  second  benzoate  period,  therefore,  was  not 
due  to  any  diminution  in  the  amount  of  this  form  of  nitrogen,  but 
simply  to  the  withdrawal  of  a  certain  amount  of  glycocoll  which  waa 
eliminated  as  hippuric  acid,  thus  escaping  conversion  into  urea. 
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Daily  average  ditiributwn  of  nitrogtn—Coatiaaed. 
[PeronUen  ot  total  nlUngan.] 
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Daili/  average  dittribution  ofnilrogen, — Continued. 
[PscaaUCM  ot  total  nltrofHi.] 
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Daily  average  dittributum  o/ nitrogen  — Continued . 

(Patmt^a  or  total  Dltrogen.) 

SUBJECT  E.  C.  U.-ConllniMd. 
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Careful  scrutiny  of  the  figures  for  the  percentages  of  anunonia- 
nitrogen,  purine-nitrogen,  uric  acid-nitrogen,  and  creatinine-nitrogen 
shows  no  marked  variation  during  the  different  periods  of  the  experi- 
ment. SHght  fluctuations  do  appear  here  and  there,  but  they  are  not 
suiflciently  marked  or  regular  to  have  any  special  importance.  There 
is,  possibly  in  the  case  of  L.  M.  L,  and  W.  W.  II.,  a  tendency  for  the 
percentage  of  creatinine-nitrogen  to  increase  somewhat  during  the 
later  stages  of  the  experiment.  This  increase,  however,  is  not  large 
and  can  not  have,  it  is  thought,  any  particular  significance. 
70111— No.  8 
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EFFECT  OH  TOTAL  BUIiPHUB. 
The  daiiy  excretion  of  suJphur  through  the  urine  is  recorded  in  the 
tables  giving  the  daily  record  of  the  individual  subjects.  Here,  how- 
ever, we  have  arranged,  in  tabular  form,  the  daily  average  output  of 
total  sulphur  for  the  various  subjects  during  the  seventeen  periods  of 
the  experiment,  with  the  grand  averages  for  the  fore  period,  benzoate 
periods,  etc.  As  is  well  known,  there  is  ordinarily  a  certain  definite 
relationship  between  the  extent  of  protein  metabolism  and  the  output 
of  sulphur,  since  considerable  of  the  sulphur  of  the  excretion  comes 
from  the  breaking  down  of  protein.  In  view  of  the^  facts,  therefore, 
we  should  expect  during  the  fore  period,  in  harmony  with  the  lai^er 
intake  of  protein  food  and  the  corresponding  increase  in  protein  metab- 
olism, a  larger  output  of  total  sulphur  than  in  the  subsequent  periods. 
This  is  what  the  figures  in  the  appended  table  show  in  practically  all 
of  the  subjects.  During  the  first  benzoate  period  the  average  daily 
output  of  total  sulphur  for  J.  F.  L.,  for  example,  was  0.702  gram. 
During  the  first  after  period  the  average  daily  output  was  0.712  gram; 
during  the  second  benzoate  period  0.6S9  gram ;  and  in  the  final  after 
period  0.691  gram.  As  is  seen,  these  figures,  which  are  more  or  less 
generally  duphcated  in  the  other  subjects,  show  very  httle  difference. 
There  is  perhaps  a  sUght  tendency  for  the  sulphur  output  to  diminish 
somewhat  during  the  benzoate  periods.  The  differences,  however,  are 
so  small  as  to  have  little  significance.  So  far  as  total  sulphur  is  con- 
cerned, therefore,  we  are  not  disposed  to  ascribe  any  noticeable  effect 
on  the  part  of  sodium  benzoate. 

ly  Average  uoount  ol  total  aulphur  par  day. 
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EFFBCrr  ON    INOB.OANIC    SUIiPHHR. 

With  this  form  of  sulphur  the  figures  for  the  average  daily  output 
during  the  different  periods  of  the  experiment  are  in  close  conformity 
with  the  general  conclusions  regarding  tlie  total  sulphur.  During  the 
fore  period  when  the  food  int^e  was  relatively  large,  the  amount  of 
inorganic  sulphur  excreted  per  day  was  correspondingly  high.  The 
daily  averages,  however,  for  the  first  benzoate  period,  the  first  after 
period,  the  second  benzoate  period,  and  the  final  after  period  show  very 
little  difference.  We  must  conclude,  therefore,  that  sodium  benzoate 
is  without  influence  on  the  output  of  iaorganic  sulphur  through  the 
urine. 
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EFFECT   OH  ETHEREAL    BUIJFHUB. 

The  table  of  daily  averages  appended  shows  throughout  a  very  close 
agreement.  The  grand  averages  for  the  fore  period,  first  benzoate 
period  and  the  subsequent  periods  are  very  nearly  identical  in  all  of 
the  individuals.  The  conclusion  therefore  is  that  the  production 
and  output  of  this  form  of  sulphur  is  not  influenced  in  any  tangible 
degree  by  the  doses  of  sodium  benzoate  taken. 
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The  daily  averages,  together  with  the  grand  averages,  for  the  excre- 
tion of  neutral  sulphur  through  the  urine,  shown  in  the  accompany- 
ing table  are  not  quite  in  such  close  agreement  as  the  preceding  sul- 
phur figures.  It  is  to  be  remembered,  however,  that  the  data  for 
neutral  sulphur  are  obtained  by  difference.  Consequently,  slight 
variations  are  here  liable  to  be  magnified  somewhat.  The  daily 
average  figure  for  the  first  benzoate  period  in  every  individual  is 
Qoticeably  higher  than  the  daily  average  during  tlie  first  after  perio4l. 
Between  the  first  after  period  and  the  second  benzoate  period,  how- 
ever, where  the  largest  difference  would  be  looked  for  if  sodium  ben- 
zoate had  any  specific  effect,  there  is  little  or  no  difference  in  the 
average  daily  excretion,  tlie  grand  averages  for  the  two  periods  being 
essentially  the  same.  This  is  likewise  true,  in  some  of  the  intJividuals 
at  least,  with  regard  to  the  final  after  period.  Hence,  we  are  not  dis- 
posed to  attribute  any  specific  action  to  sodium  benzoate  in  influ- 
encing the  excretion  of  neutral  sulphur  through  the  urine. 
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BFFB<n'  ON  THE  DZSTJtlil  U  TION'  OF  8UI.FHUK. 

Having  presented  the  data  bearing  upon  the  output  of  the  different 
forms  of  sulphur  through  the  urine  in  grams  per  day,  we  may  next 
consider  how  far  sodium  benzoate  tends  to  disturb  the  average  dis- 
tribution of  the  sulphur,  i.  e.,  how  far  the  percentages  of  the  different 
forms  of  sulphur  calculated  on  the  total  sulphur  are  changed.  In 
the  tables  showing  the  daily  distribution  of  nitrogen  and  sulphur  in 
the  urine  will  be  found  the  daily  percentages  of  the  different  forms  of 
sulphur  for  each  individual.  For  convenience,  we  append  here  tables 
for  each  subject  giving  the  daily  average  distribution  of  sulphur  for 
the  diffei«nt  periods,  together  with  the  grand  averages  for  the 
so-called  normal  periods  and  the  two  benzoate  periods.  Compari- 
son of  the  grand  averages  shows,  first,  that  the  daily  percentage  of 
inorganic  sulphur  during  the  first  benzoate  period  is  somewhat  less 
in  every  individual  than  during  the  fore  period.  Further,  during  the 
first  after  period  the  percentage  of  inorganic  sulphur  in  every  instance 
rises  somewhat,  approximating  to  the  daily  average  output  during 
the  fore  period.  During  the  second  benzoate  period,  however,  when 
the  larger  doses  of  benzoate  were  given,  the  average  daily  output 
of  inorganic  sulphur  remains  substantially  stationary,  in  some  indi- 
viduals falling  slightly,  in  others  rising  shghtly.  In  the  final  after 
period,  the  inorganic  sulphur  tends  to  fall  off  as  compared  with  the 
average  daily  excretion  during  the  preceding  benzoate  period.  The 
only  exception  to  this  rule  is  in  the  case  of  H.  H.  O.    As  there  is  a 
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lack  of  any  conformity  in  these  fluctuatioDs,  however,  we  are  not 
disposed  to  consider  them  as  having  any  special  meaning. 

Regarding  the  percent^e  distribution  of  ethereal  sulphur,  com- 
parison of  the  grand  averages  for  the  difTerent  periods  shows,  in  most 
cases,  a  fairly  close  agreement.  Thus,  with  the  subject  L.  M.  L.  the 
average  daily  output  of  ethereal  sulphur  for  the  fore  period  waa  6.4; 
for  the  first  benzoate  period,  6.2;  for  the  first  after  period,  6.9;  for  the 
second  benzoate  period,  7.5;  for  the  final  after  period,  7.5.  These 
differences  are  more  or  less  typical  of  what  is  to  be  seen  in  connection 
with  the  other  subjects  of  the  experiment.  In  one  or  two  cases  the 
variations  are  somewhat  more  noticeable,  but  there  is  no  such  degree 
of  uniformity  as  would  imply  any  definite  or  specific  action  on  the 
part  of  the  benzoate. 

Regarding  the  percentage  distribution  of  neutral  sulphur,  the 
results  point  to  the  same  general  conclusion.  During  the  first  ben- 
zoate period  there  is  a  tendency  for  the  neutral  sulphur  to  be  increased 
as  compared  with  the  average  daily  proportion  during  the  fore 
period.  During  the  second  benzoate  period,  however,  with  the 
larger  dosage,  the  percentage  of  neutral  sulphur  is  either  unaltered, 
as  compared  with  the  first  after  period,  or  is  diminished  somewhat. 
In  one  instance  there  is  a  slight  increase.  The  figures  taken  together, 
however,  fail  to  show  any  action  that  is  at  all  specific  or  peculiar. 
Daily  average  dittribution  of  tulphw. 
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J>atly  avavge  dittrUmtion  o/tu2phur— Continued. 
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Daily  average  dUtribviwn  o/ttUi^w — ContiDued. 
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INPLUEBCE  OF  SODIXTM  BENZOAIE  ON  NUTRITION   AND  HEALTH, 
Daily  average  dittribuHon  o/  aulpkur — Continuwl. 
{PonenfaiCU  or  tola]  sulphur.] 
SUBJECT  W.  C.  R.— Conllnued. 
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BATIO  OF  STTI.FKnil  TO  mTROOBN. 

Changes  in  the  metabolism  of  the  body,  either  of  nitrogen  meta- 
bolism or  sulphur  metabolism,  induced  by  sodium  benzoate  would 
naturally  lead  to  changes  in  the  ratio  of  sulphur  to  nitrogen  in  the 
urine.  The  three  tables  which  follow  show  the  ratio  of  sulphur  to 
nitn^en  for  each  individual  during  the  different  periods  of  the  experi- 
ment, the  grand  averages  being  perhaps  best  adapted  for  simple 
comparison.  Critical  study  of  the  tables  shows  no  appi-eciable 
change  in  the  ratio  under  the  influence  of  sodium  benzoate.  Thus, 
with  the  subject  H.  H.  G.  the  average  daily  ratio  of  sulphur  to  nitro- 
gen for  the  fore  period  is  1:13.4;  for  the  first  benzoate  period,  1 :13,6; 
for  the  first  after  period,  1:14.5;  for  the  second  benzoate  period, 
1:14.7;  for  the  final  after  period,  1:14.2.  Again,  with  the  subject 
W.  W.  H.  the  aver^ie  daily  ratio  of  sulphur  to  nitrogen  during 
the  fore  period  is  1:14.2;  in  the  first  benzoate  period,  1:13.0;  in  the 
first  after  period,  1:14.2;  in  the  second  benzoate  period,  1:14.0;  in 
the  final  after  period,  1 :14.0.  It  is  plain  that  differences  such  as  these, 
which  are  more  or  less  typical  of  all  of  the  individuals,  have  no  sig- 
nificance and  indicate  quite  clearly  that  sodium  benzoate  in  the  doses 
taken  by  our  subjects  has  no  disturbing  influence  on  the  relative 
excretion  of  sulphur  and  nitrogen. 
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Ratio  ofttilphw  to  nitrogen. 
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XFTXCT  ON  PHOSFHATB-PHOSFHOB1T8. 

Possible  effect  of  sodium  benzoate  on  tlie  phosphorus  metabolism 
of  the  body  can  best  be  detected  by  noting  such  changes  as  may 
occur  in  the  excretion  of  phosphorus  through  the  urine.  In  the 
tables  showii^  the  daily  composition  of  the  urine  the  phosphate- 
phoephoms  excreted  each  day  by  the  different  individuals  is  shown. 
In  the  table  here  appended  is  given  the  average  daily  output  in 
grams  for  the  seventeen  periods  of  the  experiment,  together  with 
Uie  grand  averages  for  the  fore  period,  the  first  benzoate  period,  etc. 
Comparison  of  these  figures  shows  a  lack  of  any  distinct  effect  on  the 
part  of  the  benzoate  upon  the  phosphate-phosphorus  excreted. 
The  average  daily  output  for  the  fore  period  is  in  several  cases  higher 
than  in  the  after  periods,  but  between  the  first  benzoate  period, 
the  second  benzoate  period  and  the  two  other  periods  there  is  no 
appreciable  difference  in  the  average  amount  of  phosphorus  excreted 
each  day.  The  conclusion  is  therefore  obvious  that  sodium  ben- 
zoate does  not  exert  in  the  doses  taken  by  our  subjects  any  infiu- 
ence  upon  tiie  excretion  of  phosphate-phosphorus,  and  consequently 
cannot  be  accredited  with  any  noticeable  influence  upon  the  phos- 
phorus metabolism  of  the  body. 
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BAHO  of  FH08PHOBU8  TO  NTTBOOBH. 

Possible  iliaturbance  of  the  ordinary  relation  between  phospborus 
metabolism  and  nitrogen  metabolism  bas  been  sought  for  by  calcu- 
lating the  ratio  of  phosphorus  excreted  to  nitrogen  excreted  per 
day.  The  three  following  tables  give  the  average  daily  excretion 
of  the  two  elements  for  the  periods  indicated,  with  the  ratio  of 
P:  N.  Study  of  the  figures  presented  shows  on  the  whole  a  remark- 
able degree  of  uniformity  for  the  different  individuals  throughout 
the  entire  experiment.  Thus,  with  the  subject  E.  C.  M,  the  ratio 
of  phosphorus  to  nitrogen  for  the  fore  period  is  1:13.3;  for  the 
first  benzoate  period,  1:13.4;  for  the  first  after  period,  1:13.4; 
for  the  second  benzoate  period,  1:13.8;  for  the  final  after  period, 
1:13.1.  While  these  figures  for  E.  C.  M.  are  perhaps  closer  than 
in  most  of  the  other  individuals,  still  throughout  there  is  a  very  close 
agreement;  so  much  so  that  it  is  obvious  sodium  benzoate  does  not 
disturb  in  any  degree  the  ratio  between  the  output  of  phosphorus 
fmd  nitrogen.  Here  and  there  a  slight  discrepancy  may  be  found, 
but  the  majority  of  the  results  surely  point  to  a  lack  of  any  tangible 
influence  on  the  part  of  sodium  benzoate  In  changing  the  ratio  of 
these  two  elements. 
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Ratio  ofphotphonu  to  nilTOgen — Continued. 

(AvBragfa  per  day.) 
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EFFECT!   ON  INDIOAN. 

The  indican  of  the  urine  is  generally  considered  as  connected,  in 
some  measure  at  least,  with  intestinal  putrefaction  by  which  indol 
is  formed.  This  being  the  case,  the  indican  of  the  urine  becomes  to 
some  extent  a  measure  of  the  putrefactive  processes  in  the  intestine. 
It  is  interesting  to  note,  therefore,  the  possible  effect  of  sodium  ben- 
zoate  upon  the  amount  of  indican  in  the  urine.  The  tables  giving 
the  daily  composition  of  the  urine  show  the  fluctuations  from  day 
to  day  with  the  different  individuals.  The  accompanying  table,' 
dealing  solely  with  averages,  gives  the  average  amount  of  indican 
per  day  for  each  individual  for  the  seventeen  periods  of  the  experi- 
ment, while  the  grand  averages  show  the  amount  excreted  for  the 
fore  period,  first  benzoate  period,  second  benzoate  period,  etc.  The 
figures  for  the  fore  period  are,  in  several  cases  at  least,  relatively 
high,  but  in  the  first  benzoate  period  and  the  later  periods  the  average 
output  for  each  individual  shows  very  little  change.  W©  might 
draw  the  inference,  comparing  the  data  of  the  fore  period  with  the 
data  of  the  subsequent  periods,  that  sodium  benzoate  tends  to  lower 
indican  production.  Probably,  however,  the  somewhat  lower  figures 
for  indican  after  July  20  are  associated,  in  a  measure  at  least,  with 


D.qitizeaOyGoOl^lc 


INFLUENCE  OF  SODIUM  BENZOATE  ON  NUTRITION   AMD   HEALTH. 


79 


the  lowered  intake  of  protein  food.  If  comparison  is  limited  to  the 
first  benzoate  period  and  later  periods,  there  is  very  little  suggestion 
of  any  marked  effect  on  the  part  of  the  benzoate.  Taking  all  the 
data  into  consideration,  we  think  the  conclusion  is  justified  that 
sodium  benzoate  in  the  doses  used  in  our  experiment  and  under  the 
conditions  of  relatively  low  protein  intake  does  not  exert  much,  if 
any,  influence  upon  the  amount  of  indican  in  Ihe  urine. 
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EFFECT  ON  SODnW  OHLOBmS. 

While  the  sodium  chloride  of  the  urine  ordinarily  has  little  signiii- 
cance  except  aa  indicating  the  amount  of  salt  taken  with  the  daily  food, 
yet  for  completeness  chlorine  was  determined  each  day,  and  the  follow- 
ing table  giving  the  average  amounts  of  chlorine  as  sodium  chloride  for 
the  different  periods  of  the  experiment  is  presented.  Comparison  of 
the  grand  averages  shows  a  fairly  close  agreement  in  the  daily  output 
of  chlorine.  There  is  no  change  to  be  noted  in  those  periods  when 
sodium  benzoate  was  taken.  The  output  of  chloride  runs  practically 
unchanged,  with  here  and  there  a  slight  fluctuation,  which,  however, 
can  have  no  special  significance. 
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EFFECT  ON  TOTAL  ACIBITT. 

The  accompanying  table  giving  the  average  total  acidity  of  the 
urine,  expressed  in  grams  of  oxaUc  acid,  for  the  different  periods  of 
the  experiment,  shows  very  httle  variation  for  the  different  indi- 
viduals. In  the  fore  period  the  average  daily  acidity  was  higher  than 
in  the  later  periods.  There  is  a  tendency,  noticeable  in  all  of  the 
subjects,  for  sodium  benzoate  to  lower  the  acidity  of  the  urine  slightly- 
This  conclusion  is  based  upon  the  figures  of  the  fore  period,  combined 
with  the  figures  showing  the  average  daily  acidity  during  the  final 
after  period.  Taking  these  two  groups  as  standards  of  comparison, 
it  is  plain  that  during  the  first  benzoate  period  and  in  the  second 
benzoate  period  the  acidity  tends  to  fall.  The  differences  are  not 
great,  but  there  is  suggested  an  influence  here  which  is  worthy  of 
notice. 
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BFFXCT  ON  PHENOL  AND  ABOKATIC  OZT-ACtDB  07  THE  VBINE. 

For  the  detection  of  these  substances  the  following  method  was 
pursued:  Three  hundred  cubic  centimeters  of  uriae  {day's  urine 
diluted  to  1800  c.  c.)  were  acidified  with  5  c.  c.  of  dilute  sulphuric 
acid  (1:4)  and  subjected  to  steam  distillation  until  150  c.  c.  of  dis- 
tillate were  obtained.  In  the  heating  with  acid  the  combined  phenol 
in  the  urine  is  broken  up  and  the  phenol  allowed  to  pass  over  in  the 
distillate.  The  distillate  was  tested  for  phenol  with  Millon's  reagent 
and  the  results  studied  in  a  comparative  way.  There  were  no  appre- 
ciable <IifrereQce8. 

The  distillation  was  then  resumed  and  allowed  to  continue  until 
300  to  350  c.  c.  of  hquid  had  been  driven  over.  At  this  stage  it  was 
soon  found  that  very  Uttle,  if  any,  phenol  remained  in  the  dis- 
tillation flask.  The  contents  uf  the  flask-  were  then  thoroughly 
shaken  with  160  c,  c.  of  ether  for  the  removal  of  the  aromatic  0x3-- 
acids.  After  evafwration  of  the  ether  the  residue  was  extracted  with 
50  c.  c.  of  boiling  water,  and  the  aqueous  solution  treated  with 
Millon's  reagent.  A  light  rose  to  deep  retl  color  was  taken  as  an  indi- 
cation of  the  presence  of  aromatic  oxj'-acids.  The  reactions  were 
again  studied  as  to  their  comparative  intensities,  and  are  in<licated 
as  0,  mild,  moderate  and  strong. 

As  will  be  seen  from  the  table,  the  results  of  the  first  three  or  four 
examinations  for  oxy-acids  were  negative.     After  that  a  slight  or 
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moderate  reaction  was  obtained  until  toward  the  end  of  the  experi- 
ment, when  the  amounts  of  aromatic  oxy-acids  were  considerably 
increased.  The  strong  reactions  were  given  soon  after  the  close  of 
the  high  benzoate  period;  and  for  six  weeks  these  larger  amounts 
were  but  slightly,  if  at  all,  reduced. 

Phenol  in  the  urine. 
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Whether  the  presence  of  the  aromatic  oxy-acids  in  the  urines  is  due 
to  the  benzoate  admiuintered  is  extremely  questionable.  A  number  of 
normal  urines  which  were  tested  in  the  same  manner  gave  widely 
different  results.  In  some  no  reaction  whatever  could  be  obtained, 
while  others  gave  a  mild  or  even  moderately  strong  reaction. 

The  persistence  of  the  aromatic  oxy-acids  long  after  the  close  of  the 
last  benzoate  period  may  possibly  be  due  to  causes  other  than  the 
benzoate;  or,  if  the  benzoate  does  play  some  part,  it  may  be  explained 
on  the  hypothesis  that  after  ingestion  of  the  larger  and  repeate<l 
(loses  of  sodium  benzoate  the  latter  is  not  eliminated  at  once, 
but  is  stored  up  in  the  body  and  gradually  eliminated,  partly  as 
oxy-benzoic  acid  (an  aromatic  oxy-acid).  This  view,  however, 
appears  to  us  improbable.  Further  observations  are  being  made  in 
order  to  arrive  at  a  more  definite  conclusion  regarding  these  u-omstic 
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oxy-acids,  Finallj-,  it  should  be  einphasizeil  that  these  aci<U  occur  in 
exceetlingiy  small  quantities,  so  that  their  presence,  while  interesting, 
presumably  has  no  bearing  upon  the  problem  under  consideration. 

BFFEOT   ON  THE  HtPPTTRIC   ACID   OF  THE   UBINE. 

As  stated  in  another  connection,  benzoic  acid,  henzoates,  and  beu- 
zoyl-containing  radicals  taken  into  the  alimentary  tract  appear  in  the 
urine  as  hippuric  Eicid.  If  the  amount  of  benzoic  acid  introduced  in 
lai^e — moretbansuflicieDt  to  combine  with  the  glycocoll  present  in  the 
system  to  form  hippuric  acid — then  other  combinations  are  possible, 
such  as  benzoyl-glycuronic  acid,  which  appears  in  the  urine.  It  is 
rare  to  find  benzoic  acid  itself  uncombined  or  a  salt  of  benzoic  acid  in 
the  urine.  In  no  one  of  our  subjects  was  any  trace  of  benzoic  acid 
or  benzoate  found  in  the  urine.  Benzoyl-glycuronir  acid  is  chiirac- 
terized  by  a  strong  reducing  power.  Examination  of  the  dailyurines 
of  all  the  subjects,  e.specially  during  the  high  benzoate  period,  failed 
to  show  any  reducing  power.  Consequently,  benzoyl-glycuronic 
acid  could  not  have  been  present;  certainly  not  to  any  extent.  In 
other  words,  even  with  the  larger  doses  of  sodium  benzoate,  the  ' 
benzoic  acid  given  the  subjects  was  ehminated,  in  large  mea.sure  at 
least,  through  the  urine  as  hippuric  acid. 

The  normal  urine  of  man  practically  always  contains  a  certain 
amount  of  hippuric  acid.  This  is  due,  in  large  measure  at  least,  to 
the  presence  of  benzoic  acid  or  benzoyl-containing  radicals  in  the  food. 
Certain  articles  of  food,  such  as  various  berries,  plums  and  prunes,  are 
relatively  rich  in  benzoyl-containing  radicals.  It  ia  therefore  easy 
to  arrange  a  diet  in  which  considerable  benzoic  acid  or  benzoyl-con- 
taining groups  may  be  introduced  with  the  food. 

On  July  7  and  8,  and  again  on  July  22  and  23,  all  of  the  subjects 
were  given  a  diet  in  which,  so  far  as  it  was  possible,  benzoyl-containing 
substances  were  reduced  to  a  minimum.  Then,  on  July  9  and  10,  thfi 
daily  diet  of  each  subject  was  especially  constructed  so  as  to  contain 
considerable  benzoic  acid  or  benzoyl  radicals  by  addition  of  rasp- 
berries, currants,  and  huckleberries.  A  table  is  appended  showing  the 
amount  of  benzoic  acid  (present  as  hippuric  acid)  in  the  urine  of  the 
individual  subjects  on  certain  dates  designated.  Likewise  is  shown 
the  amount  of  benzoic  acid  added  to  the  food  when  sodium  benzoate 
was  administered. 

Attention  ia  called,  first,  to  the  amount  of  benzoic  acid  obtained  as 
hippuric  acid  through  the  urine  on  July  7  and  8,  when  the  diet  was 
freed  as  far  as  possible  from  benzoyl-containing  articles.  It  will  be 
noticed  that  on  these  two  days  the  amount  of  benzoic  acid  per  day, 
contained  in  the  urine  of  the  individual  subjects  as  hippuric  acid, 
varied  from  0.058  gram  to  0.303  gram.  This  means  that  under  ordi- 
nary <-4)nditions  of  diet  where  fniits  are  eliminated  there  is  a  sufficient 
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amount  of  benzoyl-containing  radicals  in  the  food  to  give  rise  to  an 
amount  of  hippurie  acid  equal  to  a  maximum  of  0.3  gram  of  ben- 
zoic acid  per  day.  On  July  9  and  10,  however,  when  huckleberries, 
raspberries,  and  currants  were  added  to  the  daily  diet,  the  amount  of 
benzoic  acid  obtained  from  the  urine  as  hippurio  acid  rose  to  a  max- 
imum of  1.154  grams,  with  &  minimum  of  0.356  gram.  In  the  ma- 
jority of  the  subjects,  however,  the  amount  of  benzoic  acid  in  the 
urine  each  day  as  hippurio  acid  was  between  0,8  and  0.9  gram. 

On  July  22  and  23,  as  stated,  the  daily  diet  was  as  free  from 
benzoyl-containing  compounds  as  it  was  possible  to  arrange  it,  but 
on  these  days  0.252  gram  of  benzoic  acid  was  given  as  sodium  ben- 
zoatfl.  Study  of  the  figures  in  the  tables  for  benzoic  acid  obtained 
from  the  urine  as  hippurie  acid  shows  that  with  the  above  dosage 
the  output  of  benzoic  acid  in  the  uiine  per  day  for  all  six  subjects  was 
very  much  below  the  amount  of  benzoic  acid  obtained  from  the  urine 
on  July  9  and  JO,  when  no  sodium  benzoate  was  administered,  but 
with  huckleberries,  raspberries,  and  currants  added  to  the  diet.  In 
fact,  all  through  the  first  benzoate  period  when  the  amount  of  benzoic 
acid  taken  daily  equaled  0.252  gram,  the  benzoic  acid  in  the  urine  as 
hippurie  acid  never  equaled  the  maximum  figure  obtained  from  the 
subjects  when  no  benzoate  was  given,  on  a  diet  reinforced  by  huckle- 
berries, currants,  and  raspberries.  Reference  to  the  food  charts  for 
July  9  and  10  shows  that  the  quantity  of  these  berries  taken  was  not 
large,  155  grams  of  fresli  huckleberries  being  perhaps  the  maximum 
per  day.  The  inference,  therefore,  is  that  the  amount  of  benzoyl- 
containing  radicals  naturally  present  in  the  food  on  July  9  and  10  was 
much  larger  than  the  amount  of  benzoic  acid  introduced  with  a  daily 
dosage  of  0.3  gram  of  sodium  benzoate. 

Study  of  the  data  in  the  appended  table  obtained  during  the  second 
benzoate  period  when  the  dosage  was  still  larger  shows  an  output  of 
benzoic  acid  as  hippurie  acid,  more  or  less  comparable  to  the  amount 
of  benzoic  acid  ingested.  Thus,  in  the  week  of  October  15  to  21  the 
daily  intake  of  benzoic  acid  was  1.680  grams.  The  average  daily 
output  of  benzoic  acid  as  hippurie  acid  varied  with  the  different  sub- 
jects from  1.212  grams  to  1.657  grams.  Or  taking  the  entire  higher 
benzoate  period  of  one  month,  when  the  average  daily  intake  of  ben- 
zoic acid  was  1.596  grams,  the  average  daily  output  of  benzoic  acid 
as  hippurie  acid  for  the  different  individuals  ranged  from  1.102  grams 
to  1.559  grams. 

Finally,  attention  should  be  called  to  the  fact  that  from  October  29 
to  November  7,  when  sodium  benzoate  was  no  longer  taken,  the 
average  daily  output  of  benzoic  acid  in  the  form  of  hippurie  acid 
varied  in  the  different  subjects  from  1.251  grams  to  1.700  grams,  thus 
showing  that  the  aromatic  group  introduced  in  the  way  indicated  is 
somewhat  slyw  in  leaving  the  system. 
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EFFECT  OV  THE  VITEOOEH  BAIAVCE. 

As  will  be  seen  from  examination  of  the  tables  showing  the  daily 
intake  of  nitrogen  and  the  daily  comi>osition  of  the  urine  and  feces, 
a  nitrogen  balance  was  struck  at  given  periods,  of  seven  or  ten  days, 
with  all  of  the  subjects.  In  the  following  tables  the  record  of  nitro- 
gen balances  for  each  individual  is  shown,  giving  the  daily  average 
intake  of  nitrogen  in  the  food  with  the  output  of  nitrogen  through 
the  urine  and  feces  for  the  seventeen  periods  of  the  experiment,  ex- 
pressed in  grams  per  day,  together  with  the  average  nitrogen  balance, 
likewise  expressed  in  grams  per  day. 

Examination  of  the  results  shows  that  on  two  occasions  a  minus 
nitrogen  balance  was  obtained.  The  first  case,  that  of  W.  W.  H., 
occurred  during  the  period  of  August  3  to  August  9.  This  minus 
balance,  averaging  one  gram  per  day,  was  due  in  lai^  measure, 
without  question,  to  the  small  intake  of  food  incidental  to  an  attack 
of  coryzs,  which  is  mentioned  under  the  head  of  "Clinical  observa- 
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tiorifl."  The  only  other  minus  balance  during  the  length  of  the  ex- 
periment was  in  the  case  of  W.  C.  R.  in  the  latter  part  of  the  fore 
period,  July  13  to  19,  when  the  average  daily  nitrogen  balance  was 
—  0.01  gram.  In  this  case,  as  the  figures  indicate,  the  subject  was 
practically  in  nitrogen  equilibrium.  Aside  from  these  two  cases  all 
the  subjects  showed  a  plus  nitrogen  balance  throughout  the  ex])eri- 
ment.  Critical  survey  of  the  data  presented  in  the  tables  makes 
it  quite  clear  that  during  the  periods  when  the  sodium  benzoate  was 
taken,  whether  the  doses'were  small  or  large,  there  was  no  marked 
change  in  the  nitrogen  balance. 

The  daily  averse  balance  shows,  it  is  tme,  some  fluctuations,  as 
might  well  be  expected,  but  it  is  perfectly  evident  from  the  results 
that  sodium  benzoate  does  not  have  any  speciBc  effect  upon  the  nitro- 
gen metabolism  of  the  liody.  If  in  some  instances  the  plus  balance 
seems  smaller  in  those  periods  when  benzoate  was  taken,  it  will  be 
found  on  looking  at  the  nitrogen  intake  for  that  period  that  in  most 
cases  the  amount  of  nitrogen  ingested  was  below  that  of  the  periods 
where  the  plus  nitrogen  balance  was  larger.  In  other  words,  the  size 
of  this  plus  nitrogen  balance  is  governed  mainly  by  the  volume  of 
nitrogenous  or  protein  food  ingested,  and  there  is  no  influence  appar- 
ent on  the  part  of  sodium  benzoate  in  modifying  the  amount  of  this 
balance. 

Taking  into  consideration  all  the  data  |>rBsented  in  connection 
with  the  urine,  having  in  mind  the  quantitative  changes  of  the  differ- 
ent nitrogenous  constituents,  as  well  as  the  data  covering  the  nitro- 
gen intake  and  nitrogen  output,  it  seems  perfectly  manifest  that 
sodium  benzoate  in  the  doses  taken  by  our  subjects  does  not  exert 
any  appreciable  influence  upon  those  processes  of  nutrition  which  are 
ordinarilj-  included  under  the  term  protein  or  nitrogen  metabolism. 
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Nitrogen  halaiut,  daily  a r<ra^— Continued. 
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Nitrogen  balarux,  daily  averts — Contiuued. 
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QEITEBAX  COirCLVSIOHS. 

Due  consideratioD  of  all  the  data  preseuted  in  the  preceding  pages, 
together  with  careful  study  of  the  individual  data  of  the  various 
tables  of  results,  leads  to  the  following  general  conclusions:  Sodium 
benzoate,  in  small  and  large  doses,  up  to  a  maximum  of  4  grams  per 
day,  is  without  disturbing  influence  upon  the  general  health  of  the 
individual,  so  far  as  can  be  seen  from  clinical  observations.  There  was 
no  attendant  loss  of  body  weight ;  neither  was  there  any  disturbance  of 
digestion,  assimilation,  or  utilization  of  either  the  fat  or  protein  food. 
Indeed,  the  subjects  of  our  experiment  showed  a  gain  of  weight  and 
even  an  improved  condition  of  digestion  during  the  period  of  the 
experiment  in  which  the  action  of  sodium  benzoate  was  tested. 

Again,  there  was  no  deleterious  influence  on  the  part  of  sodium 
benzoate  upon  the  blood,  either  on  the  number  of  erythrocytes,  leu- 
cocytes, or  the  hemoglobin  content  of  the  blood. 

Upon  the  less  tangible  processes  of  metabolism  as  indicated  by  the 
quantitative  study  of  the  urine,  etc.,  there  ia  no  indication  of  any 
marked  action.     No  changes  of  any  special  aigmhcance  were  to  be 
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noted  dviring  the  period  when  sodium  benzo&te  was  fed  even  in  lai^e 
doses,  aside  from  a  ehght  effect  on  the  reaction  of  the  urine,  ao  that 
the  conclusion  is  obvious  that  sodium  benzoate  does  not  exert,  in 
small  or  laige  doses,  any  pronounced  influence  upon  the  processes  of 
metabolism  or  of  nutrition. 

Sodium  benzoate  ia  without  effect  upon  the  production  of  nitrogen 
balance.  Throughout  our  experiment  a  plus  nitrogen  balance  was 
easily  maintained,  and  in  such  fashion  as  to  clearly  indicate  that 
sodiimi  benzoate  does  not  exert  any  harmful  or  disturbing  influence. 

In  our  judgment,  therefore,  based  on  the  character  of  the  results 
obtained  in  this  study  of  the  action  of  sodium  benzoate  on  the  gen- 
eral health  and  nutrition  of  man,  there  is  no  suggestion  of  any  pro- 
nounced effect  whatever  produced  by  the  salt  in  such  doses  as  we  have 
employed.  We  are  of  the  opinion  that  sodium  benzoate,  in  small 
and  large  doses,  up  to  a  maximum  of  4  grams  per  day,  is  no  more 
harmful  or  provocative  of  disturbance  of  the  human  organism  than 
corresponding  amounts  of  sodium  chloride  or  common  salt. 

This  conclusion,  while  based  entirely  upon  the  results  of  our  inves- 
tigation, is  in  close  harmony  with  what  is  known  regarding  the  occur- 
ence of  benzoyl-containing  radicals  in  many  natural  products,  which 
have  long  served  as  useful  foods  for  mankind.  As  our  results  show, 
in  harmony  with  well-known  facts,  the  ordinary  diet  of  man  con- 
tains a  sulBcient  amount  of  benzoic  acid  or  kindred  substances  to  give 
rise  to  appreciable  quantities  of  hippuric  acid  in  the  urine.  Further, 
huckleberries,  cranberries,  and  other  related  fruits  well  recognized  as 
noninjurious  to  health  have  in  them  amounts  of  benzoyl  radicals 
sufficient  to  form  quantities  of  hippuric  acid  in  the  urine  larger  than 
the  small  doses  of  sodium  benzoate  fed  in  our  experiment;  thus  mak- 
ing it  apparent  that  some  natural  foods  at  least  contain  quantities  of 
benzoate,  or  related  substances,  in  amount  equal  to  what  was  fed  in 
our  daily  dosage  with  sodium  benzoate,  and  that  the  system  is  well 
inured  to  the  presence  of  moderate  quantities  at  least  of  this  aromatic 
group. 

Finally,  it  may  be  added  that  the  results  of  our  experimental  study 
make  it  evident  that  the  admixture  of  sodium  benzoate  with  food 
does  not  lead  to  any  reduction  in  the  quality  or  strength  of  such  food; 
neither  is  the  food  injuriotisly  affected  thereby  when  the  salt  is  added 
in  small  quantities  or  in  latge  quantities,  up  to  a  maximum  of  4  grams 
per  day.  Were  the  contrary  true,  we  should  expect  to  find  in  our 
experimental  results  indications  of  either  a  disturbance  of  digestion, 
an  inhibition  of  the  normal  power  to  iligest  an<i  assimilate  the  food 
treated  with  sodium  benzoate,  together  with  a  tendency  toward  the 
production  of  a  minus  nitrogen  balance,  with  possible  loss  of  body 
weight. 
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198  SODItJM   BENZOATE   AND  THE  HEALTH   OF   MAN. 

DISTBXBUnON  OF  NITBOaEN  AND  STJI.PHim.  IN  THE  ITB.INE. 

PcTfentaget  of  total  nitrogen  and  total  milphur. 


Date. 

oltio- 

Am- 

gBD. 

PurlDB 
gen. 

S,r.  pi- 

Ethe- 
real 
aul- 

phur. 

86.3 
S5.7 

S7.2 

W.3 

3.9 
4.0 

.3 

0..         ^.' 

i.e 

3.9         0.1 

3.61         .1 
3.3  '        1.0 
3.0  1         .8 

'  i- 

7.7 
1.9 
1.S 

Hfl 

*""» 

86.4 

3.8 

.6 

1.1 

1.,        .,(     il       »,:       4.j       „.. 

SS.2 
SIS.7 

11 

3.9 

i 

'.2 

ti :::;::::'    H    fi 

4.8 

U\    i 

■.4'     "2'::::::::'     l:t\    wa 

95.0 

1.6 

"1 '" 

8,7 

FIRST  BENZOATE  PERIOD. 


83.3 
B5.2 
83.2 
86.0 
!S9 

3.8 

3.9 
4.1 

0.6 

1.4 

4.B                           6 

^ 

70  el      8.0  ' 

H'     "■'      i 

3 

.    75.1  ■       8.4          l&l 
.8.4:       7,9           .0 

Jul    23 

ATerage 

84.2 

4.0 

|,..,|    7..;    .,., 

80.2 

82.' S 
84. 6 

4.2 
3.9 

0 

1: 

71.3 

I. 

I.        i,8  is 

Awraee 

84.  S 

4.2  1        .3 

1.6 

4 

724  1       7.S          10  9 

78.4 
84.9 

82.8 

so!  8 

82.7 
83.7 

6.0 

4.B 
4.6 

1 

1 

t:! ';;:::;::'    S:! 

68:4 

i 

' 

I 

AVBTSgB 

82.0 

4.4 

.«    1        1.4;        6.B    S-S 

72.1  1       7.6  ■       20.4 

82.3 

ii 

86.9 

S8 

Ii 

2!8 

2.B 

i 

2.1 

73,8 
70,8 
7a3 

M 

5.S    3.T 

I 

6.3    6.1 

Avenea 

84.6 

3.0 

■1 

"i    "      ■•     " 

718 

7,a  1     so.) 

:ti  and  without  refennn  to  bippuric  ncld-nltrogen. 
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Pereentaga  of  total  nitrogen  and  total  tulphur  in  unn« — Continued. 

Sabjeot   K,   H.  O.— Continued. 
FIRST  BENZOATE  PERIOD— Tonllnued. 


IMU. 

Urea 
gsn. 

gen. 

gen. 

unc 

•■ss. 

gen. 

Cnwt- 

nllro- 
gen. 

nip-    1  Unde- 
nllro-  ]  nliro- 

ganlo  1    red    1     tnd 
phur.  1  phii.  j  phui. 

AuEUStlT 

nil 

1              J 

[              1 

i:  til  ii;;:;  11 

Augusta) 

81.1 

2;b 

84.2 

3.1 

.*■     i.a'     6.4  i s,2 

T2.8I       8.1;        ,9.2 

818 
86.3 

4.3 

l.S 

i: 

"'   11 

■  ■''  il 

7a  8      7.3 

74.2          8.2 
71.4          S.S 

7i';9  "'is.'i 

18.8 

A      ustM 

\UKIBt» 

84.4  1       3.S 
84.0          2,2 
78.7  1        S.S 

!:!'    IS':::::;:?    !:S 

^7;       ^fl 

■ 

...1    .,1     ..;{  5:! 

.    76.1  ■       8.1 

10.  fl 

84.3'        4.4 

1.3 
1.4 
1,S 

2.0 

1 -11 

71.4.       9.2 
CT.fl-      8.4 

87.0  '       8.4 
7V.B  '        4.4 

SeptembsTl 

20.9 

'^d    V. 

A>-er«B 

.7  1       i-fij       4.«    7.7 

16.4 

82.2  1        4.2 

.8          1.8  1       5.8  1         ,i,{      iJ 

7<..          80 

.8.8 

glLfl 

ss.o 

88.4 

S.2 

.8 
5 

1.9 

i.i  .'/  >.' 

m.^        8.4 

" 

•  '  Is 

Se  tamberO 

Septemberl2. 

1    79.2 
74.  S 

18.  S 

13.4 

a™.. 

84.5           4.2 

1.7!     .7|       .4;{    - 

.7..4 

9,7 

13,7 

September  H.... ,. . 
September  IS 

September  (T 

»eplOTiberl9 - 

3»ptemb»ra) 

82.8 
81,7 
82.4 

4.B 

.S 

\1 
1.4 

a,  2 

6.2 
S.1 

i.2 

■'i  11 

.8!       jf 

■•i    1:5 

81.3 
79.  S 

8,9 

8.0 

7.3 
&8 

17,  S 
21,9 
13,1 

AwragB. 

S2.a 

J 

1.7  1       S.I 

••if  t', 

\    75.9 

8.9 

14.7 

SODIUM   BENZOATE  AND  THE   HEALTH  OP   MAN. 

Pereentage*  of  total  nitrogen  mtd  total  sulphur  in  wine — Continued. 

Sul^ect  K.  Ta..  a-.— Coattuiied. 

FIRaT  AFTER  PERIOD. 


Data. 

Uree 
gen. 

Am- 

Uric 

nltro- 

gau. 

lolDe 
gen. 

SI 

uitro- 

gra. 

Unde- 

nitro- 
gen. 

Inor- 
Am. 

Ethe- 
real 

phm. 

5" 

September  21 

September  IS 

September  27 

September  28 

83.  e 

85.6 
B3.8 
81.8 
82.0 
84.8 

Bt.2 

4.6 
3.8 

a 

* 

e.4 
4.7 

5.8 

a 

1  tS    «" 
1    "■' 

4.1  "■* 
4.9        '"■' 

1:1    «-^ 
It    '^* 

4.3        jj^j 

4.2  *^'' 

8.4 
8.0 

12.8 

13.3 

8.S 

13.0 

"^ 

84.3           4.1   j 

.1     1., 

" 

.(14- 

8.1 

.3.8 

SECOND  RENZOATE  PERIOD. 


84.J 
83.8 
83.1 
82.4 

82.0 

4.2 
8.S 
4.1 
5.0 

3.S 
4.3 

1.7 
1.0 

S.3 

5.9 

26 

li 

i 

5.5 

80.0 
81.6 

8a3 

78.4 

[  saa 

(    76.S 

8.1 

5.6 

11  n 

October  3 

October  4 

Araraee 

82.4 

4.B 

1.6 

5.7 

(  t! 

.8^3 

8.6 

10.9 

October  8 

18 
14 
IS 

5.1 
5.2 
1.0 

LS 
1.7 

1.7 
1.7 

5.G 

6.3 
6.2 

13 
3,4 

2:4 

3^5 
2,3 

79.8 

S4.6 

77.4 
756 

8.7 

8.5 

8.9 

:: 

S2.8 
83.6 

73 

17  0 

,         Avenwe 

83.6 

IB 

1.6  1       58 

-{      1? 

79.7 

8.0 

12.J 

78.6 

813 
SS.3 

3.8 
13 
3.4 
11 

1.6 
1.8 
1.8 
L6 

53 

^i  i 

78.3 

79.1 
78.5 

7.2 
10.3 

12.6 

110 
16.6 

,glc 


INFLUENCE  OP  SODIUM  BENZOATE  ON  NUTKITION   AND   HEALTU.    201 
PentiUagt*  oftotoi  nitrogen  and  totol  tutjAur  m  urine — Continued. 

Satu^ot  H.  H.  a-.— Continued. 
SECOND  BENZOATE  PEBIOD— Continued. 


Dale. 

Uica 
nUro- 

# 

PuriM 
nllro- 

gBD. 

Urto 

Cnal- 

S 

Undo- 
gen. 

Inor- 

■ff 

phur. 

ptur. 

Neu- 
tral 

October  a 

„.. 

" 

S,S 

1.B 

(  Si 

73.1 

10.8 

e.7 

'■'     ,      ... 

*"««». 

S2.ol       t.1 

6.. 

...  !{  t',\  ., 

8.2 

.6.1 

Oolob«r22 

S.4 
6.1 

4.8 

2.9 

3.0 
2.8 

ii 

73.1 

53.7 
72.8 
73.0 

70.8 

9.8 

8.4 
8.0 

7.S 

79.3 
78.8 

on 

II  B 

Oc(D)»r2t 

octohwae 

18.0 

^o    1  '^J 

OctolwM 

••"^ 

""1    " 

S.4 

1,0 

f"h' 

8.1 

10.1 

FINAL  AFTER  PERIOD. 


OelolwraD.... 
OolobnSl.... 
NothdImtI... 
Novanbar  3... 
NoT«Dibai3.. 
NoTcmba  4... 
NoremberS... 


3.0    , 
0.0 

&.0    ' 


3.6 

6.5 


{  H 


FORE  PERIOD. 


JnljS.... 
JnlrS.... 
JnlrlO... 


•I    "I 


Gooi^le 


SODIUM   BENZOATE   AND  THE  HEALTH   OF   MAN. 

PeTcentaga  of  total  nitrogen  and  total  ntlfhvr  in  uriiM— Continued. 

Sul:ueot  ^^-  "W,  H.— Conllnued. 


FORK  PEKIOD-Cont 

Duad. 

Date. 

irm 
esn. 

Am- 
monia 

gun. 

gen. 

una 

acid 

Lltro- 
gen. 

Creat- 

ETO, 

add 
nitro- 

lar. 
mined 

BMl. 

phur. 

Elhe- 
T«al 
sul- 
phur. 

ml- 

pbor. 

If 

Is 

3.4 

i2 
2.0 
3.1 
J.8 
5.3 

a3 

1 

4.3 
4.5 

;::;;::: 

4.9 

88.2 

9.0 

tSj:::::::: 

«:l 

l\ 

,  Avarage. 

88.0  j       J.9|       .a    j       1.7 

iSJ 1       8.S 

80.T 

7.1 

12.2 

FIRST  BENZOATE  PEHIOD. 

JulyM 1      88-8 

4.1 
4.1 

3.8 

0.3 
.07 

1.8 

2.1 
L7 

S.1 
S.1 

1.8 

76.0 
7i8 

81.4 
78.7 

61 
6.S 
2.8 

Si 

JulyM 

8&B 
86,2 
86.0 

0-2 

\i 

a&o 

JSIJS::;::::;:;-:. 

M.0 

3.0  1        .13 

1.8 

6.1  !           .2 

3.0 

70.8 

5.3 

17.8 

tr  i      ■{ 

1.9 

2.2 

2.0 

89:3 

6.5 

i 

;i-! 

Juir29 

J^yM 

XneasiV.'.'.'-'.'.'-'.'.'." 
Anguita 

Avcroge 

Augusts 

Au|ust4 

aSb 

|i,  1    1 

it 

8.4 

17.9 

21:7 

8J-9           3,8  1         .08 

2.0 

"■■■ '  " 

74-1  1        6.6 

17.4 

2.1 
1.6 

2.0 

6.6 
8.6 
8.1 

a:* 

77,3          3.4 
74  0           6,0 

1!  1! 

....-.*.. 

11 

49   1       3.0 

AY«ra«e 

88.1  ■       3.6  1        .2    1       l.fi 

S.S! 1        2.7 

73,0  i       6,3 

20.0 

86,8'       3.3 

.1 

1.8 

:o 

is 

44'            B   ^      ^-  ' 

88,8 
83,3 

9,0 

15.2 

6.2 

:  i  1 

1     3. 

:::;:::i    4, 

20.8 
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INVESTIGATIONS  ON  THE  EFFECTS  OF  SODIUM 

BENZOATB  ON  THE  HEALTH  AND  GEN- 

EEAL  METABOLISM  OP  MAN. 


By  JOHN  H.  LONG. 
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INVESTIGATIONS  ON  THE  EFFECTS  OF  SODIUM  BEN- 
ZOATE  ON  THE  HEALTH  AND  GENEEAl  METABOUSM 
OF  MAN. 

By  John  II.  Long. 


INTRODtlCTIOH. 

I  have  attempted  the  solution  of  the  problem  pr^ented  to  me 
through  a  series  of  laboratory  and  clinical  observations  carried  out 
on  six  men  consuming  a  controlled  diet.  The  laboratory  observations 
were  mainly  chemical  and  bacteriological,  and  were  intended  to  dis- 
close any  change  in  the  general  metabolism,  or  character  of  the  excre- 
tion of  the  men  under  study.  The  clinical  observations  were  of  the 
usual  routine  nature,  but  were  noted  with  more  than  the  ordinary  care. 
I  consider  these  observations  as  having,  for  the  present  inquiry, 
and  under  the  conditions  which  obtain,  no  less  value  than  the  other 
set,  and  hence  I  am  presenting  them  in  all  detail,  as  made  from  day 
to  day.  The  somewhat  monotonous  bacteriological  examination  of 
the  feces  is  given  in  the  same  detail,  since  the  object  of  the  report  is 
to  present  ail  the  observed  facts  which  may  have  any  bearing  on  the 
questions  of  the  diet,  general  health  and  character  of  the  metabolism 
and  excretions  of  the  subjects  of  the  experiments. 

The  squad  under  observation  in  my  laboratories  consisted  of  six 
men  who  were  all  students  of  medicine,  but  who,  during  the  progress 
of  the  teats,  had  other  employment.  At  the  banning  of  the  experi- 
ments the  men  were  in  normal  health,  but  not  in  unusually  good  phys- 
ical condition,  since  the  work  was  begun  at  the  end  of  the  school  year, 
following  rather  heavy  courses  of  study. 

For  general  convenience  the  men  were  furnished  with  rooms  in  the 
same  house,  and  the  meals  were  prepared  and  served  in  a  large 
vacated  room  in  the  college  building  adjoining  the  laboratory  in 
which  most  of  the  analyses  were  made.  The  kitchen  was  screened 
off  from  one  end  of  this  room,  and  the  meals  were  prepared  by  a 
professional  cook  who  had  had  previous  experience  with  metabolism 
work.  This  simplified  many  of  our  natural  difficulties  very  greatly, 
and  made  it  possible  to  maintain  an  accurate  control  over  the  daily 
dietaries  in  such  a  way  as  to  permit  a  fairly  close  calculation  of  the 
caloric  value  of  the  food  as  weighed  out  and  served. 
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Dr.  S.  R.  Benedict,  now  professor  of  physiological  chemistry  in 
Syracuse  University,  had  general  charge  of  the  dietaries  and  the 
chemical  work  connected  with  the  investigation.  The  bacteri- 
ological work  necessary  and  the  medical  oversight  of  the  men  were 
in  the  hands  of  Dr.  W.  H.  BuhHg,  professor  of  clinical  pathology  in 
Northwestern  University.  These  gentlemen  were  in  constant 
attendance  at  the  laboratories,  and  the  success  of  the  investigations 
must  be  credited  lai^Iy  to  their  careful  control  of  all  conditions 
involved.  Since  the  conclusion  of  the  actual  tests  Mr.  Frank  Gep- 
hartj  who  took  part  in  the  analytical  work,  has  rendered  valuable 
aid  in  the  numerous  necessary  calculations  and  the  tabulation  of 
results. 

At  the  beginning  of  the  observations  the  men  on  the  squad  were 
subjected  to  careful  examination,  and  the  facts  given  below  with 
regard  to  previous  medical  history  and  condition  were  secured. 
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Ddbation  OP  TESTS. — The  first  meals  were  served  to  the  squad 
on  June  29,  and  the  last  on  October  30,  The  interval  was  divided 
into  sixteen  periods,  the  average  length  of  which  was  about  seven 
days,  as  the  tables  below  will  show.  The  actual  administration  of 
benzoate  began  on  July  24,  following  three  preparatory  fore  periods 
in  which  the  diet  habifa  of  the  men  were  closely  studied. 

Diet. — In  tliis  time  and  throughout  the  whole  test  the  men  were 
allowed  a  veiy  ample  diet,  following  their  own  tastes  and  desires  as 
far  as  possible.  TTie  food  was  well  prepared,  and  as  served  would 
be  considered  a  good  example  of  home  cooking;  the  only  modifica- 
tions made  were  such  as  were  rendered  necessary  to  facilitate  accurate 
sampling  and  analysis.  Meats,  for  example,  were  always  served  in 
the  nunced  condition,  since  uniform  samples  for  analysis  could  not 
be  secured  in  any  other  way.  Gravy  was  served  separately  and 
was  mixed  in  by  the  men  at  the  table.  Care  was  taken  to  serve 
the  minced  meat  hot  and  in  such  manner  as  to  relieve  the  monotony 
of  the  diet  as  far  as  possible.  Jellies,  custards,  puddings,  cakes, 
and  other  articles  were  always  made  in  such  a  manner  as  to  facili- 
tate the  subsequent  work  of  the  analysts.  The  location  of  the 
kitchen  with  respect  to  the  laboratories  and  the  office  of  the  director 
added  greatly  in  simplifying  proper  control  here. 

Dosage.— From  July  24  to  September  21,  sixty  days,  each  man 
received  a  dose  of  300  milligrams  daily  of  Merck's  sodium  benzoate, 
calculated  as  anhydrous,  divided  Into  three  portions  of  100  milli- 
grams each.  That  is,  the  benzoate  was  given  at  each  meal,  and 
was  measured  out  from  an  accurately  prepared  solution  into  some 
article  of  food  which  the  men  ate  with  a  relish.  At  no  time  during 
the  test  did  the  men  have  any  idea  of  the  part  of  the  food  which 
contained  the  benzoate,  nor  did  they  know  when  the  administra- 
tion began  or  ended.  No  especial  curiosity  on  the  subject  was  mani- 
fest and  the  men  did  not  act  as  if  the  food  was  in  any  way  a  devia- 
tion from  the  normal. 

On  September  22,  after  the  completion  of  eight  preservative 
periods,  the  dose  of  benzoate  was  increased  to  600  milligrams  daily, 
divided  through  the  three  meals.  This  dosage  was  continued  through 
two  periods  of  seven  days  each.  Between  the  higher  and  lower 
preservative  periods  the  feces  of  the  men  were  marked  off  by  the 
usual  method  of  lampblack  administration  in  capsules,  which  was 
the  case  following  the  next  period,  also. 

On  October  6,  the  fourteenth  period,  or  the  eleventh  preservative 
period,  began.  On  this  date  the  dose  was  increased  to  1  gram  of 
benzoate  daily,  which  was  continued  through  eighteen  days,  that  is, 
from  October  6  to  23,  inclusive.  It  was  found  easily  possible  to  dis- 
tribute this  amount  of  benzoate  through  the  three  meals  without 
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in  any  way  attracting  the  attention  of  the  men  consuming  the  food. 
The  eighteen  days  were  divided  into  two  periods. 
The  totaJ  amounts  of  benzoate  administered  were,  then,  as  follows: 


Pfrtods. 

Dd™. 

Total. 

'■'■» 

"^ 

(Trnnu. 

"""1 

The  men  were  kept  under  routine  observation  through  an  after 
period,  No,  16,  of  seven  days,  and  have  been  under  general  observa- 
tion up  to  the  time  of  the  completion  of  this  report,  January  10,  1909. 
Following  the  official  conclusion  of  the  tests  on  October  31  two  of 
the  men  on  the  squad,  A.  M.  N.  and  C.  H.  S.,  continued  the  same 
general  diet  with  a  greatly  increased  dose  of  the  benzoate.  This 
was  carried  to  10  grams  daily.  In  this  they  were  joined  by  Mr, 
Frank  Gephart,  who  had  assisted  in  the  weighing  of  the  foods 
throughout  the  whole  time,  had  worked  in  the  laboratory,  consumed 
the  regular  diet  with  the  squad,  and  had  Hved  under  the  same 
general  conditions.  On  November  1  he  began  with  relatively 
large  doses.  The  effects  of  these  large  doses  on  the  men  will  be 
referred  to  below. 

Methods  of  anaxtsis. — It  is  not  necessary  to  go  into  details 
here;  most  of  the  results  for  the  urine  were  obtained  by  aid  of  the 
well-known  processes  of  Folin.  For  total  sulphur,  however,  a  method 
was  worked  out  by  Doctor  Benedict  which,  when  applied,  gave 
very  satisfactory  results.  This  consisted,  essentially,  in  oxidation 
of  the  urine  through  boiling  down  with  copper  nitrate  and  potassium 
chlorate,  and  subsequent  fusion,  as  prehminary  to  precipitation. 

In  the  determination  of  urea  nitrogen  a  marked  improvement  and 
economy  of  time  was  effected  by  heating  the  urine  in  an  autoclave 
with  dilute  hydrochloric  acid.  The  process  has  been  described  by 
Benedict  and  Gephart  in  the  November,  1908,  number  of  the  Jour- 
nal of  the  American  Chemical  Society. 

Collection  op  the  ukine  and  feces. — The  urine  and  feces  were 
collected  in  24-hour  periods,  and  of  the  urine  daily  analyses  were 
made,  excepting  of  the  Saturday  coUection,  which  came  into  the 
laboratory  Sunday  morning.  This  was  saved  and  mixed  with  the 
sample  firom  Sunday;  an  analysis  of  the  composite  was  then  made. 
The  urine  was  collected  in  bottles  containing  always  a  little  toluene, 
and  as  a  further  precaution  the  bottles  were  kept  in  a  lai^  ice  box 
in  the  intervals.  When  brought  to  the  laboratory  in  the  momiog 
the  reaction  and  specific  gravity  were  taken,  after  which  each  urine 
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was  diluted  to  a  constant  volume,  2,000  c.  c,  and  aliquots  taken  for 
the  several  tests.  This  dilution  to  a  standard  volume  greatly  facili- 
tates subsequent  calculations. 

The  feces  were  collected  and  weighed  for  each  twenty-four  hours. 
Aliqout  portions  were  weighed  out,  after  thorough  mixing,  and  put 
in  a  separate  container  for  analysis  at  the  end  of  the  period,  which 
was  generally  seven  days,  as  explained  above.  The  bacterial  testa, 
however,  were  made  on  the  fresh  samples. 

For  the  separate  collection  of  urine  and  feces  a  very  convenient 
form  of  closet  was  employed  which  was  suggested  to  me  by  Profes- 
sors Grindley  and  Hawk,  of  the  University  of  Illinois.  One  of  these 
closets  was  kept  at  the  laboratory  and  one  at  the  rooming  house. 

ExEECisB — HOUBS  FOB  HEALS. — The  quarters  rented  for  the 
men  were  in  a  comfortable  house,  about  half  a  mile  from  the  labora- 
tory and  diet  kitchen.  The  six  men  occupied  three  rooms,  the 
division  being  made  according  to  the  wishes  of  the  men  theinsclvea. 
In  addition  to  the  walk  between  the  two  places  the  men  bad  plenty 
of  other  exercise.  Two  of  them  carried  papers  early  in  the  morning 
and  had  other  work  throughout  the  day.  Three  gave  help  in  the 
analytical  laboratory,  and  two,  in  addition  to  other  work,  had  some 
janitor  duties  about  the  college.  All  were  encouraged  to  play  hand- 
ball for  a  short  time  after  dinner  each  day,  and  this  exercise  was 
generally  taken. 

Breakfast  was  served  at  7:30,  lunch  at  12,  and  dinner  at  6.  The 
men  were  put  u[>on  their  honor  as  far  as  general  conduct  and  con- 
sumption of  other  foods  was  concerned,  and  it  is  confidently  believed 
that  there  were  no  violations  of  the  advice  of  the  director  here. 
There  was  no  restriction  on  the  consumption  of  water.  The  summer 
was  unusually  warm  and  any  attempt  to  limit  the  amount  of  water 
drunk,  or  even  to  control  it,  would  have  worked  a  hardship.  In 
every  respect  the  men  were  supposed  to  lead  hves  as  nearly  normal 
as  possible,  and  only  such  restrictions  were  made  as  were  really 
necessary  for  the  proper  prosecution  of  the  work. 

With  this  brief  introduction,  which  is  doubtless  sufficiently  full 
for  the  purpose,  we  pass  to  the  consideration  of  the  data  secured  in 
the  various  examinations  made.  The  general  urine  tests  will  be 
taken  up  first. 
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daut  food  chaats. 

The  following  tables  present  the  recorded  numerical  data  con- 
cerning the  daily  bill  of  fare  of  the  diet  squad,  and  it  will  be  recognized, 
as  explained  in  the  opening  statement,  that  the  diet  is  an  ample  one. 
The  additions  at  the  foot  of  each  page  show  the  total  weight  of  food 
consumed  daily,  exclusive  of  tea  and  coffee,  but  including  milk,  the 
total  nitrogen  and  fat  consumption,  and,  in  some  cases,  the  estimated 
fuel  value  of  the  food.  The  total  food  weights  have  only  relative 
value,  because  of  the  very  variable  nature  of  the  items  in  the  menu, 
but  are  suggestive  and  are  therefore  included. 

The  records  in  the  fourth  column  under  each  subject  are  close 
approximations  only.  Enough  additions  are  made  for  each  period  to 
show  with  a  fwr  degree  of  closeness  the  extent  of  food  consumption, 
measured  in  this  way.  The  footings  have  naturally  a  much  greater 
relative  than  absolute  value. 

It  will  be  noticed  that  the  men  exhibit  very  different  tastes;  in  one 
case,  for  example,  the  consumption  of  butter  in  abnormally  high, 
while  in  another  the  milk  consumption  is  very  high.-  All  the  men 
were  found  to  be  very  fond  of  sugar,  which  was  used  liberaily  directly 
and  weighed  as  such,  and  also  in  the  form  of  puddings,  custards,  and 
certain  sauces,  which  were  made  sweeter  than  most  people  would 
desire.  The  fuel  value  of  the  various  foods  was  calculated  in  "part 
from  the  daily  analyses  and  in  part  from  the  rei-ords  of  the  cook,  who 
worked  under  the  observation  of  one  of  the  laboratorj-  assistants,  and 
was  able  to  state  closely  the  amount  of  carb<)h_'i(lrate  employed  in 
various  items.  For  some  of  the  fruits  and  a  few  other  things  the 
values  have  been  taken  from  the  Atwater  tables,  published  by  the 
Department  of  Agriculture.  In  any  event,  the  comparative  values 
hold  good,  and  this  is  the  main  object  of  the  computations. 

The  nitrogen  and  fat  additions  have  been  used  in  computing  the 
balances  of  the  preceding  tables,  and  the  fuel  values  found  have  been 
summarized  as  shown  below,  A  number  of  days  from  each  principal 
period  were  t^cen  at  random,  and  the  values  for  tliese  days  computed 
and  a<lded.  From  these  additions  the  means  were  taken,  and  these 
are  the  figures  given  below  for  the  fore  period,  the  low  preservative 
period,  the  first  high  preservative  period,  the  second  high  preservative 
period,  and  the  after  period.  It  will  be  noticed  that  there  is  no 
characteristic  change  in  the  daily  caloric  values  through  the  whole 
season;  wliile  for  some  of  the  men  there  is  an  increase  in  the  calo- 
ries used,  for  others  there  is  the  reverse  change.  In  general  the 
values  remain  high  and  show  no  relation  to  the  administration  of 
preservative. 
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480  SODIUM  BENZOATE  AND   THE   HEALTH   OF  MAN. 

DISCUSSION  OF  BBSUIT8. 

The  figures  in  the  above  tables  speak  for  themselves,  but  the  most 
salient  points  for  each  subject  may  be  best  brought  together  by  a  pre- 
sentation of  certain  of  the  results  in  the  form  of  averages  and  ratios. 
Along  with  the  data  for  the  urine,  the  nitrogen  and  fat  contents  of  the 
feces  are  given  bo  as  to  facilitate  the  calculation  of  nitrogen  and  fat 
balances  at  the  end  of  each  period.  The  data  concerning  the  nitrogen 
and  fat  intake  are  found  in  full  in  the  complete  food  tables. 

Two  kinds  of  averages  may  be  presented  with  advantage;  in  the  one 
case  the  variations  in  the  total  nitrogen,  urea,  ammonia,  purine,  and 
other  forms  of  nitrogen  combination  may  be  given,  while  in  the  other 
the  data  cover  the  percentage  distribution  of  these  forma.  The  short 
tables  given  below  embrace  condensations  of  this  sort,  as  will  be 
explained.  Each  subject  will  be  followed  through  separately,  and 
for  each  three  tables  will  be  presented.  In  the  first  we  have  the 
average  daily  output  of  certain  forms  of  nitrogen  in  the  five  general 
periods  into  which  the  investigation  may  be  divided — that  is,  in  the 
fore  period,  the  low  preservative  period  (300  mg.  daily),  the  first 
high  preservative  period  (600  mg.  daily),  the  second  high  preserva- 
tive period  (1  gm.  daily),  and  finally  the  after  period,  with  no 
preservative. 

In  the  same  table  some  data  for  sulphur  and  phosphorus  will 
be  given,  and  also  figures  for  nitrogen  and  fat  in  the  feces.  The  urine 
averages  are  secured  by  taking  the  means  of  the  daily  means,  as  given 
in  the  footings  of  the  columns  of  the  above  main  tables. 

Jn  the  two  tables  to  follow  we  have  the  average  daily  composition 
of  the  feces,  obtained  by  dividing  the  period  results  by  the  number 
of  days  in  the  period,  and  finally  the  very  important  percentage  dis- 
tribution of  the  nitrogen  and  sulphur  in  the  urine.  The  value  for 
each  constituent  is  expressed  in  terms  of  the  total  nitrogen  and  total 
sulphur  excreted  in  each-  period.  The  total  sulphur  for  the  fore 
periods  is  omitted  because  of  some  uncertainty  as  to  the  correctness 
of  part  of  the  determinations. 

In  the  tables  following  the  term  period  is  employed  in  a  wider  sense 
than  in  the  charts.  Here  we  have  condensed  the  16  periods,  of  about 
one  week  each,  into  five  main  periods,  distinguished  by  the  amount 
of  benzoate  added  to  the  food. 

SUBJECT  I  (H.  N.  B.). 

As  the  food  tables  will  show,  this  man  enjoyed  a  good  appetite 
throughout  the  tests,  with  the  exception  of  one  or  two  occasions, 
and  we  find  in  the  analytical  results  nothing  to  indicate  any  devia- 
tion from  the  normal  metabolism.  It  is  true  that  there  are  rather 
wide  variations  in  the  output  of  the  several  urinary  constituents,  but 
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these  are  irregular  and  fail  to  disclose  any  relation  to  the  benzoate 
given  with  the  food  in  the  later  periods.  The  uric  acid  and  creatinine 
are  particularly  constant,  while  for  the  an^onia,  the  sulphur,  and 
the  phosphorus  the  changes  are  not  marked  and  are  not  systematic. 
It  will  be  noted  that  the  nitrogen  and  the  fat  in  the  feces  show 
marked  changes  in  the  after  period;  for  the  first  an  increase  and  for 
the  second  a  decrease.  As  this  behavior  is  found  in  all  the  subjects, 
it  will  be  commented  on  later. 

Dmlg  mtan*,  Svhjeet  I. 
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HTTBJKOT  n  (W.  W.  C). 

Much  the  same  condition  may  be  noted  here  as  with  Subject  I. 
The  total  output  of  nitrogen  is  larger  and  there  are  marked  changes 
in  it  of  an  irregular  character.  Attention  is  called  to  the  increased 
ehmination  of  nitrogen  and  decreased  ether  extract  in  the  feces  of  the 
after  period,  but  aside  from  this  there  is  nothing  in  the  figures  of  the 
three  tables  to  point  to  any  possible  connection  between  dos^e  and 
metabolism.  If  there  appears  to  be  a  slight  increase  of  purine  nitro- 
gen, we  find  that  this  does  not  hold  for  the  other  subjects.  The  varia- 
tions in  the  uric  acid  and  creatinine  nitrogen  follow  just  the  reverse 
order  noted  in  Subject  I,  and  therefore  are  not  sufficient  to  point 
to  any  systematic  relationship.  An  apparently  marked  change  is 
shown  in  the  distribution  of  the  total  sulphur,  aa  it  seems  to  increase 
toward  the  end  of  the  investigation.  But  this  condition  is  continued 
into  the  after  period,  and  besides  does  not  hold  for  the  other  subjects 
throughout.  Considering  all  points  it  is  clearly  evident  that  the 
variations  found  in  the  urines  of  these  periods  are  not  outside  the 
normal  limits  which  should  be  expected  in  work  covering  four  months 
in  time. 
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auBJXCT  ni  (A.  a.)- 

This  man  performed  a  regular  part  of  the  analytical  work  of  the 
investigation  and  was  throughout  perfectly  normal  in  his  diet  and 
habits.  The  diet  was  comparatively  hearty,  as  shown  by  the  food 
charts  and  the  output  of  nitrogen.  In  considering  the  condensed 
data  of  the  following  tables  there  is  nothing  very  striking  in  the 
nitrogen  metabolism  to  be  specially  noted.  The  total  nitrogen 
excretion  is  highest  in  the  fore  period  and  lowest  in  the  after  period, 
as  was  the  case  with  Subject  II,  but  as  this  relation  does  not 
hold  tor  all  the  men  it  is  evidently  without  significance.  The  uric 
acid,  ammonia,  creatinine,  and  purine  excretions  are  very  regular, 
both  in  amount  and  distribution,  and  here,  as  in  the  other  cases, 
there  is  a  very  good  correspondence  between  the  nitrogen  and  the 
total  sulphur  of  the  urine.  There  appears  to  be  a  tendency  toward 
the  increase  of  neutral  sulphur  in  tlie  after  period,  but  the  ethereal 
sulphates  remain  nearly  constant  throughout.  While  the  neutral 
sulphur  is  high  with  the  absence  of  preservative,  it  is  also  high  in 
some  of  the  periods  where  the  preservative  was  high.  In  the  case 
of  Subject  VI  it  will  be  seen  that  the  highest  neutral  sulphur 
tails  in  a  low  preservative  period.  It  is  clear,  therefore,  that  we 
can  not  draw  any  definite  conclusions  from  this  tact.  The  peculiari- 
ties in  the  nitrogen  and  fat  ratios  in  the  feces  are  in  evidence  here. 
The  condition  of  metabolism  shown  by  the  tables  is  strictly  normal. 
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Average  daily  comporUion  o/feca. 

SUBJECT  III  (A.  O.). 
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In  this  man  the  peculiarities  of  diet  were  extremely  marked,  and 
corresponding  peculiarities  of  metabolism  might  naturally  be  looked 
for.  Reference  to  the  food  tables  will  disclose  the  kind  and  amount 
of  food  preferred,  of  which  milk  waa  always  a  prominent  item.  A 
perfectly  sufficient  diet  was  consumed,  however,  throughout,  with 
the  exception  of  a  short  time  in  two  periods,  when  the  illness  of  a 
member  of  his  family  called  him  away  over  night.  The  iu*ine  and 
feces  were  saved,  but  for  the  time  the  food  (carried  with  him)  was 
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not  abundant.  This  will  account  for  the  apparent  negative  bal- 
ance. Aside  from  this  the  metaboUsm  is  remarkably  nonnal  and  a 
good  utilization  of  the  food  is  evident.  This  is  shown  by  the  data 
for  the  nitrogen  and  the  fat  in  the  feces,  as  presented  in  the  first  of 
the  following  tables,  and  for  the  nitrogen  elimination  of  aJl  the  periods, 
as  shown  in  the  second  table  following.  It  is  not  possible  to  dis- 
cover any  abnormal  effect  of  the  diet  at  any  point  of  the  whole  four 
months  of  observation.  If  anything  of  this  kind  should  obtain  we 
should  expect  to  find  it  in  the  distribution  of  the  nitrogen  of  the 
urine,  but  here  we  discover  a  very  unifonn  relation  running  from 
the  beginning  to  the  end,  with  no  break  at  any  point  corresponding 
to  the  benzoate  periods.  The  high  neutral  sulphur  of  one  of  the 
benzoate  periods  is  matched  by  the  same  condition  in  the  after 
period,  and  as  a  general  concltision  we  must  look  upon  all  the  urines 
as  normal  and  within  natural  limits. 
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BTIBJXCT  V  (A.  H.  N.). 

This  man  carried  a  part  of  the  analytical  work  on  the  urine  and 
was  kept  busy  through  the  day.  His  exercise  was  secured  in  playing 
handball  and  in  walking,  in  which  his  habits  were  very  regular. 
The  diet  sheet  is  not  in  any  way  unusual.  A  consideration  of  the 
analyses  shows  the  same  general  trend  disclosed  in  the  other  men, 
with  the  urine  nitrogen  lowest  in  the  after  period,  however.  Corre- 
sponding to  this  we  have  a  rather  high  percentage  of  nitrogen  in 
the  feces.  The  excretion  of  creatinine,  ammonia,  uric  acid,  and 
sulphur  and  phosphorus  are  regular.  The  indlcan  figures  are  rela- 
tively high,  but  not  the  highest.  There  is  at  present  no  explanation 
for  the  marked  variations  in  ttiis  factor  between  different  individuals, 
but  no  special  significance  can  be  attached  to  it,  as  similar  results  are 
found  in  the  routine  analyses  of  urines  in  general.  The  neutral 
sulphur  in  this  and  the  last  case  does  not  appear  to  be  markedly 
increased  in  the  after  period,  as  was  evident  in  the  other  men.  All 
the  results  here  appear  to  be  normal,  with  nothing  to  suggest  a 
dependence  on  the  ingested  benzoate.  The  variations  noted  are 
not  systematic  enough  to  lead  to  any  conclusion  in  ttiis  direction, 
except,  perhaps,  with  reference  to  the  fat  and  nitrogen  of  the  feces 
in  the  after  period,  of  which  something  will  be  said  below. 
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Daily  meant ,  Stibject  V. 
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BUBJXOT  VI  (C.  H.  8.)- 

This  subject  is  blessed  with  a  remarkably  flexible  appetite,  and 
was  always  ready  for  any  kind  or  variation  in  the  diet.  He  had  a 
newspaper  route  for  the  early  and  late  hours,  and  during  part  of  the 
time  performed  some  janitor  work  in  the  coU^;e  buildings.  A  study 
of  the  following  sheets  shows  on  interesting  r^ularity  in  the  course 
of  the  urinary  and  fecal  excretion,  with  no  variations  of  any  note  to 
point  to  an  effect  of  the  benzoate  The  excretion  of  the  neutral  sul- 
phur is  here  much  more  regular  than  with  the  other  men,  while  for 
the  ammonia,  the  uric  acid ,  and  the  creatinine  we  have  almost  constant 
valuea  throughout.  The  importance  of  such  facts  must  not  be  over- 
looked, since  any  disturbances  in  the  general  metabolism  would 
undoubtedly  show  in  some  of  these  constituents  of  the  urine  or  feces. 
The  total  nitrogen  and  the  urea  outputs  are  apparently  more  regular 
through  the  whole  season  for  this  man  than  for  the  others,  and  it  will 
be  noticed  that  like  Subject  I  he  shows  a  little  increase  here  from 
the  fore  period  to  the  first  preservative  period,  while  for  some  of  the 
others  there  is  a  decrease.  As  far  as  can  be  determined  by  the 
analyses  of  the  excreta,  it  is  evident  that  this  man  has  remained  in 
normal  condition  through  the  tests,  and  his  metabolism  has  not 
been  altered  as  an  effect  of  the  added  preservative. 
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SUBJECT  VI  (C.  H.  a.)- 
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It  iHay  be  a  matter  of  some  interest  to  have  a  summation  of  aU 
the  results  from  the  feces  tests  for  comparison,  and  such  summation 
is  given  in  tabular  form.  From  this  it  may  be  easily  seen  just  how 
far  the  period  results  depart  from  the  general  mean. 
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HIFFtTBIO  AOID. 

Because  of  the  laborioua  character  of  the  work  no  effort  was  made 
to  cany  thiough  complete  series  of  detenninations  of  hippuric  acid . 
But  from  time  to  time  analyses  of  composites  were  made  with  the 
object  of  observing  the  increased  output  of  this  acid  with  the  increase 
in  the  benzoats  administered,  and  to  find,  further,  whether  the  ben- 
zoic acid  is  eliminated  as  such,  or  as  hippuric  acid  wholly.  With  the 
second  object  in  mind  more  attention  was  given  to  the  purity  of  the 
final  extracts  than  to  their  absolute  amount.  In  the  last  weeks  of 
the  preservative  administration  the  weights  of  hippuric  acid  recovered 
in  pure  form  amounted  to  1.5  grams,  and  in  some  few  cases  to 
nearly  2  grams  daily.  In  the  treatment  with  petroleum  ether  for 
the  separation  of  benzoic  acid  essentially  negative  results  were 
always  obtained,  from  which  it  was  evident  that  the  whole  of  this 
acid  had  passed  over  into  the  combined  form.  That  this  is  the 
normal  condition  is  now  generally  admitted,  and  caUs  for  no  further 
discussion  here. 

NITBOaBN  AND  TAT  BALANGKS. 

Appended  to  the  general  urine  and  feces  charts  given  in  detail  there 
are  data  concerning  the  nitrogen  and  fat  balances  for  each  period. 
The  food  charts,  as  given  above,  must  be  consulted  to  find  the  original 
figures  from  which  the  nitrogen  and  fat  intake  has  been  calculated. 
For  purpose  of  ready  comparison,  however,  it  will  be  convenient  to 
have  all  these  figures  in  condensed  tabular  form.  The  next  table 
presents  such  a  condensation,  the  balances  being  calculated  for  the 
day  instead  of  for  the  period,  as  above.  It  will  be  seen  that  the  nitrogen 
balances  are  in  most  cases  characteristically  positive;  the  exceptions 
are  so  few  as  to  have  no  special  significance.  The  most  marked 
negative  balance  is  found  in  Subject  No.  IV,  on  account  of  the  irregu- 
larities in  a  few  meals,  as  referred  to  at  the  outset.  For  Subject 
No.  VT  we  have  a  slight  negative  balance  in  the  last  period  only, 
and  for  the  others  at  earher  dates.    Subjects  Nos.  IV  and  V  have 
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smaU  negative  balances  in  the  after  period,  but  of  trifiing  value.    In 
Subject  No.  II  a  negative  balance  shows  in  the  first  fore  period,  the 
reason  for  which  is  not  apparent. 
The  fat  balances  merely  serve  to  show  the  abundant  fat  of  the  diet. 

Nitrogen  and  fat  balaruxM, 
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In  connection  with  the  figures  in  the  tables  showing  the  consump- 
tion of  food  and  the  excretion  of  nitrogen  two  things  fiulher  must 
be  noted.  The  nitr<^n  elimination  is  naturally  variable,  but  a  com- 
parison with  the  food  charts  given  above  will  show  that  in  general  this 
output  varies  closely  with  the  nitrogen  consumption.  The  few  excep- 
tions to  this  rule  do  not  fall  in  any  one  period  of  the  investigation; 
it  is  therefore  not  possible  to  connect  it  with  the  presence  of  tbe  ben- 
zoate  in  the  food.  The  most  marked  of  these  exceptions  occurs,  in 
the  case  of  Subject  No.  I,  in  the  last  preservative  periods.  The  cause 
of  this  will  be  discussed  under  medical  conditions. 
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TTTHJZATION  OF  mTKOaBH  ANB  FAT. 

A.  study  of  the  utilization  of  nitrogen  and  fat  is  inBtructive.  The 
figures  giv«n  above,  the  tables  of  daily  means,  show  that  the  per- 
centage amounts  of  fat,  or  crude  ether  extract,  properly,  found 
in  the  feces  are  variable  to  a  high  degree,  but  can  not  be  connected 
with  the  benzoate  addition,  since  the  maximum  values  occur  for  the 
different  individuals  in  different  periods.  For  Subject  No.  I  the  best 
utiHzation  is  in  the  after  period  and  the  worst  in  the  fore  period, 
while  for  the  high-preservative  periods  the  utihzation  is  nearly  the 
same  as  for  the  after  period.  For  Subject  No.  II  the  best  utilizations 
are  found  in  the  last  high-preservative  and  the  after  period,  and 
distinctly  better  than  in  the  fore  period  and  the  other  preservative 
periods.  For  Subject  No.  Ill  the  utilization  is  good  throughout,  but 
slightly  more  favorable  in  the  first  high-preservative  period.  In  the 
case  of  Subject  No.  TV  the  results  for  the  high-preservative  periods 
and  the  after  period  are  essentially  the  same  and  very  favorable.  A 
somewhat  poorer  utilization  is  foimd  in  the  fore  period  and  the  low- 
preservative  period,  which  show  about  the  same  result.  In  Subject 
No.  V  the  poorest  utilization  is  in  the  fore  period  and  the  best  in  the 
after  period,  with  that  for  the  second  high-preservative  period  essen- 
tially the  same  as  for  the  latter.  For  Subject  No.  VI  the  two  high- 
preservative  periods  show  the  most  favorable  results,  while  the  least 
favorable  are  for  the  fore-period  average.  In  general,  there  is  a 
tendency  toward  good  utilization  extend  ing  over  into  the  after  period , 
which  is  fairly  distinct  in  most  cases. 

For  the  utilization  of  nitrogen  we  have  two  considerations;  we  may 
take  the  relation  of  the  nitrogen  of  the  feces  to  the  nitrogen  of  the 
food,  or  the  relation  of  the  nitrogen  of  the  feces  to  the  total  excreted 
nitrogen.  In  either  case  we  fail  to  find  any  systematic  connection 
between  the  benzoate  and  the  feces  nitrogen.  This  is  true,  however, 
that  the  percentage  of  the  total  nitrogen  excreted  in  the  feces  is 
always  greater  in  the  after  period  than  in  the  last  high-preservative 
period.  In  most  cases  this  last  high-preservative  period  shows  the 
best  results  in  this  regard,  but  not  always.  The  full  meaning  of  these 
relations  can  be  seen  only  by  comparing  the  food  tables  at  the  same 
time,  but  it  appears  evident  that  no  definite  relation  with  the  ben- 
zoate exists  throughout;  the  utihzation  of  nitrogen  is  not  lessened 
by  the  addition  of  the  preservatives. 

QUAUTATITB  milNB  TESTS. 

In  addition  to  the  quantitative  results  for  the  urine,  recited  in 
the  preceding  p^;es,  a  number  of  special  qualitative  tests  were  regu- 
larly made.  The  tests  for  sugar,  albumin,  acetone,  and  glucoronic 
acid  were  throughout  ne^tive,  and  will  not  be  tabulated.    Tests 
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for  aromatic  oxyacids  and  for  indolacetic  acid  were  made  twice  a 
week  for  each  subject,  by  the  addition  of  Milton's  reagent  in  the  one 
case  and  of  hydrochloric  acid  and  potassium  nitrit«  in  the  other 
to  the  ether  extract  of  the  urine,  prepared  in  the  usual  way.  From 
the  depth  of  color  obtained  in  each  case  the  results  are  reported  as 
"slight,"  "moderate,"  or  "strong."  It  will  be  noticed  that  the  data 
as  tabulated  in  tables  following  vary  in  an  irregular  manner,  and 
seem  to  show  do  sharp  change  with  the  increase  of  benzoate  in  the 
diet.  One  point  only  need  be  specially  mentioned.  In  the  earlier 
weeks  of  the  investigatioa  the  indolacetic  acid  test  was  frequently 
n^ative  in  some  of  the  men,  to  turn  later  to  positive  without  the 
addition  of  nitrite.  In  all  the  later  tests  the  addition  of  nitrite  was 
required  to  complete  the  test.  But  the  behavior  is  not  general,  and 
we  have  no  corresponding  change  in  the  after  period.  It  would  be 
difficult,  therefore,  to  connect  the  phenomena  in  any  satisfactory 
way  with  the  preservative, 

SEDIMENTS  FBOH  THE  UBINES. 

Weekly  examinations  of  the  sediments  from  the  mines,  obtfuned 
by  use  of  the  centrifuge,  were  made  for  each  man.  The  results  are 
given  in  tabular  form.  No  characteristic  variations  are  apparent, 
and  in  general  the  crystals  and  organized  forms  found  in  the  fore 
periods  continue  throughout  the  whole  series  of  tests.  This  is  par- 
ticularly true  of  the  hyahn  casts,  which  are  frequently  found  in  the 
urine  of  two  of  the  men,  in  small  numbers.  At  one  time  such  casts 
were  usually  described  as  pathological,  but  it  is  now  known  that  their 
occurrence  in  normal  urine  is  by  no  means  rare.  In  the  numbers 
found  in  these  centrifuged  urines  there  is  nothing  pathological,  and 
in  any  event  the  frequency  with  which  they  occur  is  not  increased  as 
the  administration  of  benzoate  begins  and  continues.  The  pus  cells 
found  rather  commonly  throughout  in  two  of  the  cases  are  doubtless 
due  to  chronic  gonorrhea,  contracted  before  going  on  the  squad. 
They  have  no  bearing  on  the  results. 
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EXAMIXATIOir  OF  TBE  FECES. 

The  above  tables  present  all  of  the  routine  examinations  carried 
out  on  the  urine.  We  have  next  to  consider  work  on  the  feces,  which 
may  have  a  bearing  on  the  question  of  the  possible  effects  of  sodium 
benzoate  on  the  metabolism.  This  work  is  presented  in  two  sets  of 
tables.  The  first  set  to  follow  give  the  results  of  genera)  tests  and 
observations,  covering  questions  of  color,  reaction,  consistence,  odor, 
specific  gravity  as  shown  by  rising  or  sinking  in  water,  the  presence 
of  mucus,  the  presence  of  indol,  the  presence  of  biliary  derivatives 
reacting  with  mercuric  chloride,  and  finally  the  amount  of  gas  liber- 
ated by  bacteria  present  from  glucose  tubes  and  from  bouillon  tubes. 
These  data  are  all  presented  in  very  brief  form,  and,  in  general,  it 
will  be  noticed  that  no  definite  changes  of  any  kind  occur  which  may 
be  associated  with  the  benzoate  added  to  the  food.  The  general 
character  of  the  feces  seems  independent  of  any  such  influence. 

Following  these  general  tables  we  have  a  more  extensive  series 
showing  the  results  of  the  Gram-stain  tests  on  the  feces  direct,  on 
the  sediment  from  the  glucose  tubes,  and  on  the  sediment  from  the 
bouillon  tubes.  As  the  results  of  these  tests  are  rather  fully  given 
they  speak  for  themselves,  and  need  no  additional  explanation  at  this 
point.  The  general  conclusion  to  be  drawn  from  them  is  that  the 
administration  of  benzoate  in  the  large  and  small  doses  given  in  our 
tests  has  no  discernible  effect  on  the  bacterial  flora.  While  great 
variations  in  the  pictures  may  he  noticed,  they  occur  apparently  at 
random  in  the  feces  of  the  different  individuals,  and  any  sufficient 
evidence  to  connect  them  with  the  dosage  appears  to  be  quite  lacking. 
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RetulU  of  Gram-*tain  tetU  onfeeet. 

SUBJECT  I  (H.  N.  B.). 


Oram  stain  direct. 


raloti  tTp«  and  somi 
thccads  Pastille  doini  iituu>  luii 
dfmu-s[iea  diiiloiXH  f  some  laigi 
niccal  boditiB  some  lurRe  haillli  e 
I  acillua  fterogenei  ■aisuUtus  tvpe 
butshoiWr  somKlacimolrDlonniar 
plitrtog) ,  some  short  tlilfk  bncliU  vi  Lit 
central  spores  (lablilit/).  here  not 
the™  Eleiicler  curved  (tacOU  wltl 
pointed  ends, 
aramnegativeprsdominate.  Theseu^ 


bacilli  a[  medium  lenelti  and  of  aero- 
genes  Icnt^ll  or  longer:  few  hBcilH 
sIlElitty  longer  than  colon  bacillus, 
■lightly  Iwnt  and  pointed  at  ends: 
good  man;  lar^e  corral  (md  diploccal 
bodies:  (CO  mediiim-slted  diplococc;. 
Gram  poslUve  and  negaltve  aliout  equal. 
Poelllve:  Goo-t  manr  lurge  roccal  and 
medium-sited 
■■■«   bnciUl; 

at  subtllis 


These  of  eolon  ITpe 
Positive:  Malorlty  are 
dlulococcl,  some  -' 
which  are  In  t.._.. 
chalos:  some  badlll  of 

der  bncUlf  inl-ifttl 


Practically   gmm   posi- 
tive field.      Ualoilly 

chains  and  slngl  j;  (ew 
baclUI  of  odoD  mor- 


■ery  few 


lorpliology  and  so 


1  bacUll 


a  ram  negative  predominate.  These  orn 
at  ccrioii  type,  wmi'  Ignger,  some  splro- 
cheto-like  bodies,  and  some  long,  slen- 
der threads.  Positive:  Good  many 
large  c-oteal  boilies:  many  medfmn- 
sltm  dlplococcl:  liere  and  there  some 
bacilli  ol  about  aeroRcnes  cnpsulalus 
type:  many  bndlll  of  eolon  moriihol- 
wy .  and  some  longer  and  more  slender 

Oram  negative:  Spirilla  in  small  num- 
bers aiid  90tt^e  of  rolon  morphology. 
Positive;  Many  large  coniir lx>dle»: 
many  meaium-slir  '  "-' ' 

longer  than  these  . 
bncllU  approxlmat 
morphology;  here  i 
with  central  spores. 

Gram  positive  predo-ninatlng.  Nega- 
tives are  slender  spiral  end  sOTiP  ba- 
cilli of  colon  iiiorptioli^y.  Positive: 
Many  largo  coccal  lH}Jles:  many  m^ 
dluin-ilted  dlplococd;  >o]ne  barilll 
of  about  aaioipnas  moriUialoRy,  but 
mostly  shorter  or  longer  than  typical: 
many  baellll  of  colon  motphotogy.  and 
■omc  longer  tbsa  tlicva  and  sltghtlv 
curved;  hem  and  there  bacilli  with 

Oram  positive  predominating.  Keim- 
tivK  are  spiral  orgnnLsnis  and  biictlli 
ol  colon  tvpe.  Foiillve:  Many  iaij'e 
corcal  bO'lIes:  many  clumps  ot  and 
sc-.ulered  dlplococd:  some  badlU  ol 
colon  Diorpholngy.  and  some  longer, 
Rllghtly  carved,  a  few  with  pointed 
en'la:  soiiie  of  about  aerogenes  type, 
hill  shorter  or  longer. 

Grail  po»i(I\-e  and  negative  about 
equal.  Kcgallres  arc  spiral  organ- 
isms, some  of  colon  type  and  a  few 
lone  threads.    Poiiilve:    Bomo  large 


Oram  positive   almost 
dantdlpiococcl.  mai 

phology. 


Posmse:  Very 
BuciUu!  tvbtUii  type 

many  of  colon  morjihoL- 
ogy,  and  wme  of  same 

very  long  slender  badlli; 
here  and  there  soiQe  frefl 

Jmost  pure  culture  of 
gram  [KislUve  badlli  of 
the  morphology  of  colon, 
eiwpt  longer.  A  low 
short  stout  bacUl.  A  few 


Almost  eicluaiveli'  gram 
positive:  Almost  pure 
culture  ol  dlplococd  In 

phology  and  some  longs 

thickness.  ' 

Oram  positive  field:  Uany 
dlplocDod  of  meditjm 
slie:  many  badlli  of 
colon  morphology,   utd 


imdont  dlplococel, 
le  in  chains:  many 


cap6HU/- 1      slctidei 


Geld:  ManTcooenD  pales 
aitd  In  chains:  maBv  ba- 
cUll of  colon  motphotogTi 
many  bacilli  sUghuy 
longer  than  the  colon, 
- ^IghtlT 


Iram  positive  e^elo 
sively:  Medium-sliei 
dlplocoocl,  some  li 
ehaitis    predominate 


Fodllve  field:  Dlplo- 
cocd  In  great  num- 
bers, some  In  cholna, 

length,  but  stouter: 
some  bacUU  ol  about 
aerogenes   tj-pe,   but 

Very  lew  Oram  negall  ve . 
Thei  a     1  ngl    d 

duTi      le 

h      ai  d  h  resto 


morphology,    and   soma 

subtly  cutvcd:  soma 
bocilU  slightly  shorter 
than  aerogencs. 

Positive  field:  UanybacUi- 

thfctnoas,  but  longer: 
some  badlU  of  aerogenca 
capsulatus  type;  some 
medlum-alieddiplococd. 


•<A  medium  slie;  many 
bacilli  of  about  colon 
morphoiafe.  but  longer; 


Goo>^le 


EFFECTS  OF  SODIUM  BENZOATE  ON  HEALTH,  ETC.,  OF  MAN.       507 
Rendu  of  Gram^tain  laU  onfecet — Continued. 

SUBJECT  1  (H.  N.  D.) -Continued. 


Mostly  Oram  poaillve.  Negntlve;  i 
ODlOD  type,  a  few  spirals,  and  i 
long  threads.     Positive:  aome 


ptKJogr  and  somo  ioagez  Uiaa  thesi 
■onn^Hiilll  oT  Beraj;cue9  thlckncs; 
bbt  not  proper  Imglti;  herosnd  tbei 
tUek  bacilli  with  central  svOK. 
Iwm  podtlva  predoinlnfllLnE.  Noki 
UTes  araofcolon  type,  a  [ewspiial  oi 


rawlo'n. 


.     I'OB 


tiTe:  Some  large  coccal  bodies  aad  dlp- 
loooccal  botUes:  many  luedlmn-^jwd 
dlploeocd;  good  many  of  colon  type 
Ud  longer,  wnu  ot  wblch  ore  allgbtly 
curved  and  bave  pointed  ends;  some 
bacilli  appnuchlDR  morplioloKy  of 
taaasats  eapsulatus  type;  a  few  loog 
tbiok  bscUU  Willi  centra]  spora. 
}ram  positive  prcdoininaling.  Nefa- 
Uvesare  of  col(ni  type  nnij  a  fcwsplrals. 
Foaitlre:  Some  luge  coccal  bodlQ; 
good  many  medlutn-died  illplooocd; 
some  bBcllU  of  colon  typ«  and  some 
longer  than  these;  some  hadlli  or  colon 

tadlll'ot  aarogeni     .  . 

and  some  of  similar  morpholog}'. 

!3ram  positive  predominating.  Gram 
negauvi«are  of  colon  typ<^,  some  spi- 
rals and  some  long  slender  bodlll. 
Positive:  Borne  large  coccal  and  diplo- 
cocca)  bodies;  many  medlum-siied 
dlplococd;  some  bacilli  of  colon  type; 
gome  longer  than  colon  anil  slender;  a 
few  bHollll  ol  aerogenes  capsulalus 
typo,  but  ot  varying  length. 


UostlyOnunpo^tlve.    NeRBtlres 
ccAaa  type,  a  lew  spiral  orgnnlsir 

lar^  ooeeal  and  diplocoecal 


good  msny'bacilir 

latus  type:  a  lew  of  subtlUs 


ilzed  diplococci; 
n   mofpholoiry; 


Majority  Gram  poeltlve.  Negatives  are 
ol  colon  morpbcrfogy  and  some  long 
slender  baiHIII.    Positive:  Good  many 

dium-slwd  [llplocorel;  some  bacilli  o[ 
colon  moiphologj  I  good  many  liacllll 


n  positive  prcdaminallng.  Kcga- 
'cs  are  barUll  of  colon  leii;;lh  and 
i(!er,andaIe\v»pirocheti>-like.  Fosl- 


il  bodies; 


rtlium  length  ai 

neas,  some  lonKer;  some  liadlu 
morphology':  a  lew  ofsubtllls  n 

Sy,  ono  with  central  spore;  b 
ere  a  badllus  of  aerogenea  i 
tuB  typo. 


length  but  stouter; 
some  b  acUll  approach- 
ing aercgenea  ui  mor- 
phology. 

Fosltlye  field:  Profusion 

iDCOccl;  many  bacilli 
or  Doion  length,  but 

about  ieiosenes  type 
but  shorter  than  typ- 


?osltivo  fieldt  Vory 
many    medlom-alua 

cull  of  colon  type  and 
gome  slightly  longer:  a 
few  very  long,  slender 
badUl. 


most  of  the  bacilli  are 
of  aerogenescapsulatus 
type,  but  of  varying 
length. 


Posltivo  Held:  M( 


I:  Malori' 


slied  diplococci;  a 
badlll  that  are  s 
and  as  long  as 
slightly    longer    ( 


length;  many  bacilli  OT 
colon  morpboloBy;  good 
many  bacilli  In  chains  ol 
BUbtills  type  with  central 

PoslUve  field:  Some  bacilli 
medlum-el  teddiplococci ; 
type;  many  baciul  in 
wlthceniralspore.  (Con- 


Practlcally  gram  positive 


Uajorlly    Oram    poelllve. 

type.    Positive:  Majority 

length  bacilli;  a  few  of 
colon  morphology;  a  few 
of  the  slender  medium- 
length  bscllll  have  head- 
let  e.^tramlty;  a  good 
many  bocUllof  aorugena 
capsulatus  type;  a  lew  of 
bacilli  subtills  type:  hera 
and  there  free  aporee, 
MiicU  positive  end  nega- 
tive. Negatives  ore  of 
colon  type  and  some  ba- 
cilli that  are  mther  long 
and  slender.  Positive: 
Majority  are  bacilli  ot 
Beroi:enes  capsulatus 

length  and  slender:  a  few 
few  medliun-elied  uiplo- 
Cram  poslUvc  field:  Pro- 
colon  moiphctey.  but 
somewhat  poluifd  rails; 

tate:"  good  irejiy  foicllll 
of  color;  morphology:  ofr 
casional  medlum-dzed 
diplococci;  i 

Sreil." 
Positive  field:  Ulxed  field 
or  badUl  of  sublilis  t}-pe 

Tal  spore;  a  lew  free 


gi^g;  soma  very  lon{ 

:.v     h.  Google 


sodium:  benzoatb  Ain>  the  health  of  man. 

Bemltt  of  Qram-itain  UtU  (»«/<«»— Continued. 
SUBJECT  I  (n.  N.  B.V-Contlnuod. 


Gnm  stain  dlnct. 


tj-pe. 

3Tamp<uLtLvepredonLlnftt«.  Npf^Htlvea 
are  ol  colon  tj-ps,  some  snirochete-Uke 
orf^onlsma  ami  some  rather  long  Bl«n- 
iler  bacilli.     Po-sitiye:  Some  ralher 

slitHl  dlplococd;  some  bnclUi  of  colon 
morpholoKy;  some  sIlKhlly  longer:  a 
(cw  latber  eUiut,  short,  Hntl  taedlum 
ler^tb  bacUU;  here  and  there  a.  bacU- 
lus  spptoacblng  motphology  of  uro- 


□ram  positive  and  nefiBtiTe about  equal. 
Negative  aro  ol  colon  morphologj-  or 
lonrer  aiid  a  (ew  spirals.  Positive: 
A  lew  lar^  coccal  bodlee;  soma  me- 

colon  morphokteyH  and  some  sllgbtly 
longEr;  some  raihBr  etout  biiclUl  vary- 
ing tram  kngttk  ol  ooloD  to  about 
aerogenes  roorpbolafy. 


tlve  predominate.    Nwitl 
lion  type  or  slightly  lorn; 


G  nun  posl  tL  ve  in  predominanne.    NrgH- 


I  perhaps  mtoe  sleoder  thai 


and  tjiere  a  tiee  sporo. 


arroiw'nMinorphologvi  berei 
l>aclUI  lesemblingsutitilislD . 


Onun  stain  of  glucose 
tube  sediment. 


lonf  thrtnds;  a  few  ha- 
dllTt^t  are  stout  and 
vary  from  colon  length 
to  morphology  otaaro- 

Poeltlve  Held:  Majority 
are  medluin.3lied  dlp- 

thlck  iiBcUU  van-lng 
lane  thick  threads. 


Podtlva  Bald;  Uaiority 
am  medlun  i-sl»d  d  i  p- 
kioooci;  good  many 
thick  baclUi  vaivlng 
from  the  length  of  the 

genas  motphol^. 


Positive  field:  Majority 

IdcomI;  remamdoraia 
thick  bacilli  of  aero- 
genea  type  or  of  mo- 
dium  length;  some 
loag  threads. 


Positive 


e  field:  Uajorit; 
Ledium-fliied  dip 


Oram  stain  of  bouinon 


PoslUve  Qeld:  Ualoilty  are 
medlum-Biieil  dlplooocci: 


ae  bsctlU  of  colon  mo> 

ifufor  threads,  a  le* 
^'blch  are  partially  de- 
ariied;    the  pieeloail- 

ider  bacillus,  which  Id 

y  decolotlteU;  i 


Very  tew  negative  bacilli 
bacilli  of  cotoa  morphol- 

rathn  thick  single  bacllH 
of  about  medium  knelb 
or  of  aerogeoes  morphol- 


uiy  free  spores. 
1:  Halorilyan 


slighllv  longer;  good 
manv  bacilli  in  chains  or 
BUbtilis  type:  a  few  rather 

aerogenes  morphology  or 


vary  long  very  slenilar 
bacilli  or  threads;  good 
many  rather  thick  baoilli 
of  aerogenes  morphologv 
or  shorter,  with  central 
ova  spor^    a  few  free 

joodmanynegatlvebacim 
of  colon  morphology. 
Positive:  Many  medium- 
5  Eed  diplococfrj;  some  of 
coloo  type:  uiakirity  ai« 
rather  thick  baitilll  o/ 
about  aeni|et>es  mor- 
phology or  shorter. 


moTpholoCT.  eicept  th 

Positive  predaminala. 
Ne^tlve  of  coloa  type. 


Rhort,  a  few  I  i  Ire  aerDgpDefl 
in  morpholiuy.  II  e  i  • 
and  (here  a  fiea  spore. 


D.qilizMB,G00>^le 
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Date.. 

Gtamrtaln  direct. 

dram  stain  otKlucoH) 

■"T.sar" 

1908 

Bapt-Zi 

Like  tast  MemlnaOon 

Posim-eDeld:  U^orltyan 

good  many  huci III  ol  aero' 

genes    tu^pholog]-.  ex- 
cept   that    Ihcy    are  ot 
medium  lenfith  or  short. 

8apL2G 

Gram  pas)  tire  and  lu-gatlveahoDtftqiutL 

....^ 

Posltiro  field;  Field  filled 

Metnlive  an  at  colon  IVTW  and  a  tew 

with  !«cllli  of  colon  mor- 

spiral orgnnrsms.    I'ositivp:  Few  larw 

phology;  a  lew  chains  of 

diplDcorci;    niajorily  of  tiarilll  an  o[ 
colon  trpo  or  a  iitiJi!  loDRcr.  iiul  some 
are  sfenScr  and  slightly  curved;  levf 

varjiiiB  in  length  timn 
phoiOKJ-.or  longer;  a  lew 

Sept.  29 

Orejn  posllivo  predominate.    Xp(!iUI™ 
are  olcolon  t  j  p  and  splraJ  orpwiisrns. 

diplocorei:  a  fi^-  larce  coccal  or  dip- 

PosIUtb!  rractioallyall 

re™X™ve    bacJli    ol 

are  medJiun-ttted  dlp- 

colon  type.    Poslli™; 

lUlolvariahtelencths, 

Oood  many  rather  large 
bacilli,    some    B],proxi- 

lococcal  liodirs:  luajorilj-  ol  thehae- 

someolaerogenes  mor- 

malingecroKenesinmor- 

illl  are  ot  colon  Ij-pe  or  somewliat 
bacilli  ol  acregFQCs  inorptioloKy. 

phology. 

pholo«y.  anji  some  wiOi 

some  medium  ;ir«d  d^ 

Oct     2 

Poeltlre   and    nCKatlve   about   equal. 

PositivB    Beld:    Trsctl- 

Positivefield:  Majorttyare 

Nepali™  are  olcolon  tj-pe  and  a  good 
manjmhcrlDnKslendiTljiirLtli.  t'osl- 

caily  all  are  medl.un- 

bacilliofaiionlcolonmor- 

slKd  diplococci:    (ew 

phology  or  si  igliUy  longer 

stout  tiBcilli.  Eooie  of 

S^?T  or'^in^bie 

very  long  .slcnde  r  threads: 

Jority  of  Loyilll  are  of  colon  morphol- 

ogy.  some  sligbtlj-  mom  slpmlpr  and 

length. 

curved;  very  tew  bacilli  of  aeregencs 

Fow  neeatlve.'   These  are  ot  ™lon  type, 
and  here  and  there  a  lonp  slender 

Oct.    a 

Positive    Held:    Prac- 

Poslli\-fl  field:  Moioritynra 

rather  stout  long  bacilli 

EaSSS 

and  diplocacci:  L-uod  many  iiiediim>- 
BlMd  diplococcl;  mfljorhy  of  haoilti 

sligbllrcuneoTveri'fewotiienjgBiies 

Few  Oramncfative,    These  are  olcolon 

!h"k  bQciirS'VaPj*- 

Ing  lengths. 

Oct.     B 

Positive    field:    Prac- 

Moslly     Cram     positive. 

type,  or  sLphUy  tenfier,  and  a  tew 

tically  nil  are  medlum- 

siied dlploi'oocl;  atew 

ien^h™aoilir'of  nwdtS 

uiediuin.slied  dlplococci:  Koud  lunnT 

stoul  IniciHIof  acro- 

thickness,  some  ol  whleh 

of colOQ  morphology;  good  iiuiiiy more 

are    not    decolorlted    in 

varyinG  In  lenElh  from 
medium  to  iont;;  here 

spols.     Positii-e;    Major- 

cur\-ed;  soma  ot  aerdeenes  type,  but 
more  slender:  a  few  of  acn^^ues  moi^ 

ilv  are  bacilli  of  medllim 

«nd  (here  a  long  slen- 

length and  Ihickneas: 

pb^bgy;  aleH-lar^toick hacmi^some 

der  thread. 

good  many  o(  colon  mor- 

phology; goodmanymn- 

spans. 

diuin-siiod   diplococci; 
few  haollii  ot  about  Km- 

Oat.   13 

Good  many  nemllTa.    These  of  colon 
type  are  slJthllv  loneer,  and  soma 

Lite  last  descrlplion 

gen™  tyoe. 
Po«Ili.-e  lloid:      Few  me- 

dium -  sized   rtlplocoeei: 

yery    Ion;;   sleo'lei    bucilll.    some  of 
wlifchbavolB-oortlir«l*nds.    I'osl- 

tew  ot  colon  tyjie:  good 

many  slightly  longer  and 

tive:  Few  IflrcB  coccal  IkhIii's:  many 

afcoloiitypcanSslixhllylanm:  few 
olacioBcnca  Ij-p^:  aipw  much  Iniger 

more  slender  than  colon; 

manylongslender  bacilli, 

some  ol  which  ha™  [erl 

Uian  oeroKenes;  a  few  tree  spores. 

hpodlcls.   but  In   places 
the  enlargemenis  aro 

I'osilivefie™  Majorllvare 
lorge  bacilli  ol  urogcnes 

Oct.   le 

Fawnorative  of  colon  type.    PoslUve: 

Positive  Held:  Maiority 

medinin-siied  dlplococci:'  Rood  many 

lorocci;3om-bacilUot 

di;miBler,  some  ot  aro- 

iDorpholoBv,  Tint  curved:  wad  many 

gcnes   lengtliT   others 

pholoty  oud'aome 

dlditly  loneer  and  more  slender  than 
coIod;  verv  lew  otneroiienes type;  few 

shoner:    some  ba-^illi 

some  bacilli  olcolon  mor- 

more  slen^ler  thill  aero- 

Btoulerana  shorter  than  ii'mgenes;  tow 

^ngtbs,  short  to  long. 

I*ologj-:  tewlioclllimoro 
slen<jer  and   sligblly 

louiet  thai]  colon. 

,oB,Goo>^le 
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on  /«e»— Continued . 


Dste. 

o^..,„.^. 

Oram  stain  of  glucose 

tube  sediment. 

1908. 

Ocl.    20 

Good  many  negative.    Thrsa  o(  m!on 

Fc-    no    tivo    ot    ™ion 

morphology,    sliglilly    loiip-r    than 

oooa  many  larp-  spore- 
bearing  booiUi  Eke  sub- 

coloD  and  some  sirudei  bocUll  oTcoloi^ 

Olid   tlirlcu  rolon   leagtb.    Positive: 

£i?.""Sll'i""i)^St 

Like  lastdi'seriplioncxn'pt  hen>  are 

oenjgenea      morpiiol- 

tilis;  Ifewlreespona,  m»- 

ioritv    an>    liscilll    mote 
sicaJcr    than    aerogena 

fSXgrS-S£"i,S^. 

slender. 

aiidotm.'diitm  length  or 

tral  spores:   no  Clostridia  scvu. 

short     Good   many   ba- 

Oct  23 

Ejiopptine  Ibe  BddiliOQ  ofa  (ew  slonder 
spiral  Omm  noRatlve  orpinlanis  this 

UtelastsediniBnt 

cilli  oI  colon  morpholo^. 
Positive  fieid:    PiScticdfv 

uncsi  ei^'e  pkturo  like  last  one. 

oe>-;     few    bu^i^    man 
slender    than    arrwenei 
and  of  medium  leu^. 

Oct.   27 

Oram    positive    and    negotlve    about 

Like  last  description  ot 

Cood  many  partly  negative 

«iusl.    NeEBtlvo    are    niostlj-    very 
slender  and  as  lon^;  aa  ttAoa  or  very 

Oct.  20. 

"punctate"  bacilli  otoo- 

slichtlylooaiT  Tewnog- 
ativo  of  colon  morphol- 

long,   Somo   ol   colon    morphology. 
Positive:   Organisms  like  lost  smear. 

ogy.   Pojitlvo:    Majority 

are  of  colon  morphotogy 

and  sllBhtiy  longer,  some 

ot  colon  morphoiogy  but 

mon-sl.'nrtL^r  than  colon; 

good  many  l,acUli  of  aero- 

gcrwa  morphology;   heip 

wilhccjiUal  spore  olsub- 

tliis  tj-po. 

Oct.   30 

Like  last  smear,  eiccpt  liera  aomo  ot  the 
long  slendnr  uegHlive  organisma  are 

Llkelaatndlment 

Ion  type  and  some  slight- 
ly  nioro  slender.    Posi- 

spiral in  shape. 

tive:     Uany     inediim>- 

SSI  isT.ZX; 

with  point(>d  ends;  aoine 

Blender  and  sllKhtly 

SUBJECT  II  (W,  W.  C). 


Qram  negative  predotninotr.  These 
are  ot  colon  type,  some  longer,  and 
somo  long  threads.  Positive:  A  few 
largo  coccal  bodies;  some  medium- 
morphology,  and  many  longer  than 
pbology  approachmg  that  o  f  aerogones. 

Oram  posltlveand  negative  equal.  Neg- 

ttian  usual  colon  morpholoj^,  and 
some  long  thnwls.  Positive:  Some 
large  eoccal  t«>liis:  some  jnodium. 
Illcd  diplococci;  many  baclili  of  colon 


Few  grain  negative.  These  are  otcolon 
type  and  long  Ihmads.  PD3ltiTe:Soine 
large  ooccal  bodies;  many  medtuia- 
■iHd  dlplooooci;  some  of  colon  type 
— J  .„,  . jjy^  typical  coIod; 


fplcal;  a  tew 


Positivo  field:    A   fc 
■■      i-aliod    dipl 
Dme  baciin 
.rpbology.fti 


hem  and  thirr  bacilli 
otsubtilla  typo. 


Few  negative.  These  In 
moipbolOKy  like  the 
predominant  gram 
positive,  except  aboit- 
>r.  Positive:  Bacltll- 
llke  aerogenes.  but  ot 
varying  length  hi  pre- 


positive field:  Field  tu 


Oram    positive    predoml- 

oolon  type  or  lightly 
lonaer.  Pool  tivo:  Few 
medinm-Biied  dipkwoeei^ 
some  baollllol  colon  typo 
or  longer  than  typical; 
many  bacilli  of  aetogencs 
capsulatus  type,  but  ot 
varying  morpboiogy. 

Oram  positive  predomi- 
Date:  many    badlll^lke 

mmw  ot  colon  type  and 
soma  iligbtly  longer  Itua 
those:  a  lev  badUl  of 
subtllls  type;  here  aod 
tbero  a  tew  large  bacilli 
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re  prodoEDlnnte.    Negative  ore  i 


long  thnfids^  t,  [uw  bacilli  resembling 


Oram  r>09:Ure  and  iTi\gatIve  about  equal. 
FoaJtiTG:  A  few  large  coccal  bodies; 

ttun  niifm:  some  approach- 


plumper 

mg   BGTOH, 

and  theniattiick 


PoalUTe:  A  law  large  coocal  bodies; 
SOOH  mediiin].fllEed  dlplococci;  a  good 
many  bacilli  oF  colon  moriihDlOEy  and 

two  or  three;  here  and  there  a  thick 

ith^iitral  spoir;  alewfTce 

some  baellll  oiaerogenei  cap- 

typa,  but  of  varying  length. 


'edsld;  Uanymedlum^lieddlp- 


'  aeroeencs  car^uUtus  trac;  a  lew 
IciUi  IT  1th  occsfiional  central  spore 
■embllni  subtil  is, 

mvepradomlnsile.  rceitlve:  A  lew 
rgB  coocal  bodies;  some  medlimi- 
■ad  diplooocci:  majority  ol  bactarla 
«  bacilli  oF  about  colon  length  or 


[le  plumpH  than  co 


_„ bodies;  many  medliG 

aked  dlplococcl;  some  slendar  baci 
<rf  nwdlum  lei^iiUi;  a  lew  isthar  loi 
and  Btender;  many  bacilli  or  cok 
leiigtb  or  longer,  but  thicker  tha 
«olon;  alewbacUllllkeaeiogeaes. 


colon  inorpliolog^. 


PoEitlvo  field:  Uany 
mL-dJuiibfilK^l  dlplo- 
coccl; some  bncillf  oI 

baciUl  In  short  ^Ins; 
a  lew  baclUl  ol  ai>iu- 

bpre  and  thcro  a  long 

Poutlve    field:     Uany 


Muni-  bacilli  ol  aero- 
B'nes  capsulatus  tyuf, 
butofvaryinglongth. 

Positive  field:  Uany 
mcdium-siied  dlplo- 
CDcei;  some  short  d^ 
(1111  of  coloQ  mor- 
phology, liul  Ihickor; 
af.'wTJacllllIitr.Bero- 

luigui  slender  bacilli. 

Po^tlve field:  Uanyme- 
dium-fiiied  dlplococcl; 
many  beciUl  of  colon 

slighlTy  thicker;  'some 
ot  colon  morphology; 


Positive  field:  Uany 
modimn-slied  dlplo- 
eocci;    r<3uiahider  are 

or  a  little  longer,  ^t 
thicker  than  colon. 


a  lew  large  coccal  boU- 

sUebtly    longer    and 
thicker  than  colon;  a 

morphology;  some  like 

lug  length. 


re  field:  A  lew  diplo- 


slcnder  baeilll  wLlh  liead- 

E'nos  capsulatus  type;  a 
w  bacmi  nilh  omtial 
spore;  here  and  there  s 

Posiriv?*fl^ld;  A  lew  me- 
dlum-siied      aiplococcl; 

morphology;       majority 

preaching  morpbotogy  of 
aerogeues. 

PosltlTo  field:  U^orltj  are 

length;  some  ol  the  longer 
onra  like  these  have  hiad- 
Icts;  some  bacilli  of  colon 

dlum-sliM  '  dlplococcl; 
bere  and  there  a  t>aclllus 
of  acrogmies  capsulatus 
type;  a  lew  long  threada. 
Positive  field;  U  jority  are 
medium  lenglb,  slender 
baclin.      some     slightly 

many  diplocooci;  some 
bacilli  ol  colon  type;  a 
few  bacilli  approocblng 
morphology  ocaerogenca, 
but  of  varying  length- 
Positive  field;  Many  slen- 
der bacilli,  some  slightly 
curved,  of  colon  length  or 
longer;  some  of  colon 
type  and  some  slightly 
tblckcr;  a  few  bacilli 
with  houllet;  a  few  me- 
dium-stied       dlplococcl; 


Positivoflcld:  UanyT>aclIll 


le field:  Ualorltyan 
ler  bacilli  ol  medl- 
langth    or    loanc; 

lum-siMcl  dlplococcl; 


m-sliod  dlplococcl;  ma- 
irlty  are  medium  length 
ender  t>aclill;  many  of 

lany    slienUy    thicker; 


:;oi)gic 
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Onm  poslttve 


modiuiu-slicd    dlplococcl;   some  b£ 

BoniBolcoionienethbutstouter.Iifel 
or  which  ore  to  pairs;  a  few  ol  aero- 
eenes  type,  but  ol  varying  lanfUi  tuid 

Positive   field:  Good   many  niedlum- 

morphology:  niiuiy  ot  C(daa  lenrUi, 

ieugthand  slender  soniebarltii  of  aero' 


Few  negative  of  onion  type.  Positive: 
Some  medluni^sliad  dIpiocoMrl;  Rood 
many  bacilli  of  milium  diameter  and 
ot  colon  IcoEth  and  lotxeer;  some  ol 
coloD  moroholoR)"  some  or  colon 
leugtb  and  lightly  stouler;  eome 
appraxlmatlnK  acrofencs    In    mor- 

Sholmiy:  bore  and  there  \aifs  stout 
aciUl  ol  unlmown  morphologj-. 

Like  last  doscrlpllon 


Few  negafjve  o[  colon  tvne  and 
spiral  oTRBnlsms.  Posllfve:  Man 
dium  -  slied  dlplococci:  a  few 
Cfjtxai  and  dlplocot^cal  boTiivs; 
bacilli  of  colon  Ivpc;  some  I 
BlighOy  swiiti^r,  hTiI  of  colon  Ir 

lillt  loniiPr  t}ian  colon;  pood 

and  some  longer  Utan  tyi^ial. 


re  medlum-slied  di 


c  i  111  0[  aerogenes  caps 

lug  lengtbs. 
[.Ike  lut  deacrlpllon . . 


Positive  field:  Almost 
exclusively  niedlum- 
Glud  diplococcl:  re- 
mainder aro  rather 
thicic  bacilli  of  Bcro- 
eenos  and  ra odium 
length,    but    sllghlly 

aerogenes. 


PoBlUve  Deld:  Ihgoritr  ar 
slender  bacilli  of  mediini 
leogtb-    some   bacilli   o 


low  0  f  aerogenas  type. 
'osltlvelleld;  Majorllyaie 
modiUQi   length  slender 
bacilli;  a  few  of  the  !ani;er 

ogv;  a  lew  plumper  than 

aerogence  type:  a  lew 
nied  litm-sliea  d  iT^OTOCCi: 
-  '—  haclili  or  Si-'""- 


SS:'"S 


some    bacUll    of    colon 
length,   but  sllghlly 
thicker. 
I'osillve  Scld:    A  Tew  mo- 

9ome  baclUl  ofcolon  mor- 
phology; goo ' 

longer  and  of 
Hess:  good  i^iiuiy  siiuii 
bacilli  Ihlckei  than  colon, 
a  lew  of  which  are  In 
chalna  of  two;  hem  and 
there  bscllll  of  acrogenoB 
capsulatn^  type, 
l-osltive  field:  Borne  me- 
dium -  slEed    diplococcl; 


threaiij,  some  ol  which 
am  partially  decoloriicd; 

Sana  many  slender  me- 
ium  lengih  or  long  ba- 
cilli resembling'  aubtUls, 
Bith  occasional  central 
spore;  a  few  long  slen- 
der  bacilli  with  terminal 

[.Ike  last  dasrrlptlon.  ci- 
ccpt  no  long  th  Id  thread.i; 

cilll  with  tenainnJ  round 
spore  cesenibliag  li'l  an  us. 
i'osl  live  Held:  Uajontyaie 
bacilli  of  colon  norphol- 
op;   some   rather   long 


D.qitizeaOyGoOt^lc 
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and  diplococcul  bodies;  gwd  many 
medium  -  sized  dtplococci;  man^  ba- 
cilli ot  colon  morplioloKy  or  sllehtly 

tengenea  capsulalus  type,  and  ochera 
ot  same  diameter,  but  shorter;  ben 
and  there  B  long  thlok  thread. 


medium  -  slied  diplococcli  a  tew  large 
coocal  ind  iltiAicoccal  bodies;  msny 
bacilli  of  colon  morpholwy;  nLony 
baclUI  ot  oAoa  morphology,  but 
loneer;  a  lew  aleiider  threads:  moder- 
ate Dumber  of  Ibloltbaollliolffirogerws 
morpbidDgy  and  shorter. 


LlLe   last   description.    Some 


Like  lost  sediment. . . 


lonfier  than  colon:  a  few  long  slendi 
threads:  lew  thick  bacilli  ol  aeroReoi 
morpholoGy  or  abonor  than  these. 


Practically  jwaltlTe  fleld;    Held   E 


aerogeoes  type;  si 


8epL  W     Few  aegatlTes;  Uiese  of  colon  type;  Belli 

flUed  with  dlplocorcl:  modemio  num- 

r      liei  of  bacilli  ol  colon  morptiolo^- 

I  numbN  of  liacilll  Dl  aeiogenea  capsu- 
latus  type:  l  very  long  partly  dooolor- 
Uod  thread. 


stied  dirtococci;  very 


I  Held:  Majorl 
idlam  siied  di 


■[Lately  aerogenea  mo 
phol<«y  or  short* 
mosily  fJighUj-  moj 

NBgalfve  predorainati 
Thrae  of  colon  typ 
some  altclilly  longe 

bacilli  ot  colon^ciian 


Tiifer    U 


[■oaitlve  fleld:  PiBCUcal- 

S"  allaremedlum-siied 
IplococcI;  a  leu  large 
coccfll  bodies;  consid- 
erable number  of  rath- 
er thick  bacilli  VBiyln^ 
Irom  medium  letigth 
to  long  threads. 


y."s 


Good  many  negall? 
■lender  bacillT  aa. 
slender  threads.  S(    .... 
the  Itiltcr  partially  decol- 

bacilli  of  colon  type;  a 
good  many  long  slender 
bacUIi    like    those    de- 

somo  thick  b^Ul  a! 
alwut  subtllii  morphol- 
ogj,  mostly  Bhigly,  but 
a  few  In  cbains  ol  two 
or  thrw;  some  bacilli  of 
Eeiogeoea  capsulatua 

SS.'" 


and  s 


9  but  ahorler. 

'e  ot  colon  type 
le  rather  thick 


medium  -  slied  diplo- 
coccl;  low  bacilli;  tbeee 
are  of  cohm  type;  some 
medium  length  l»ellli  of 
KTOgenes  diameter,  and 
some  slender  long  bacilli, 
a  Cpw  of  which  should  be 
called  threads. 
Positive  fleld:  Good  many 
Irre  spores;  majority  are 
about  colon  mDrphdlogy; 
wvetal  headlet  ibnns  (r) 

length  or  long  bacilli; 
good  many  short  thick 
hacilll,  macv  with  cen- 
tral spores:  a  Jew  medium 

Positive  lleia:  Uojorlty  are 
slender  bacilli  slightly 
longer  than  colon;  many 
long  thin  Gram  posHiye 


Negative  predominate. 

GlBiiderJiaclill.  Positive: 
Good  manv  rather  thicll, 
long  bacilli,  many  with 
terminal  spore;  few  free 


Jorily  ar 
mor)hol..K 

of  medlUT 


liacilll  □!  cokm 


onsldwable 
dlplococol. 


D.qilizMB,G00l^le 


SODIUM   BENZOATE  AND  THB   HEALTH  OF  MAN. 

Rerultt  of  Gram-stain  iatt  on/eeei — ContiDUed. 

SUBJECT  II  (W,  W.  C.)— ConMnued. 


Dale. 

Onm  sUln  dlrKb. 

Grem  stain  or  glucoec' 
tube  sediment. 

Gram  stain  of  t>oiiillon 
tubesedlmanl. 

IMS. 

OoL     2 

Flora  Ibe  same  w  last  one,  eieepl  there 

Positive!  Good  many^ 

mmochlBW«dipl««Kt. 

pure  culture  ol  medi- 

um-sited    diplococci; 
(ewstouthocOUDt  va- 
rying lengtHs. 

cmi  of  about  colon  m«- 

'Jtssiszis 

seen  with  gram  poaltjv* 

globulBSOrirtBgularstaln- 
Ing:  a  good  inaay  raUur 

some  siout  long  bacilli 

Ocl      0 

Posili TO  field;  Practlcol- 

PosllivTficld:  ^S^tpim 

culture  of  slender,  slight- 

diplococci;  a  few  stout 

lycurvpd  mediiun length 
IncIUi,   some  somewhat 

colon;  Eood  many  Imcilli  approaching 

i^^»me'bSof<SSi 

Ibere   some  rather  long 

stout  bflclIU  with  central 

Oct.     0 

Posllii-e(leld;PrBcllcal- 

spores;  a  Ipw  free  spores. 
Dinicultto  lell  Gram  posi- 

iTallaremediiun-eiuiil 
diplococci;  a  lew  stout 

tivefroinGram  negatn-a; 

largBCocoai  Iwdiea;  frw  bacteria  ol  co- 

practiodly allareCnni 

lon  tsT*;  some  bacilli  of  nipdjuni 

length  and  slemlet:  good  many  bacilli 

medium   length   slender 

bacilli,  and  some  longen 

sllgbUy  more  sletider;  som*,  i-pry  stout 

1  heaillet  (•)  seen;  some 

long  baollU  with  rounded  ends. 

of  colon  type:  few  medl- 
u:n-slied  diplococci;  lev 

Ooc    H 

Few  negaUve  of  colon  type  or  sUfthUy 

Negative   in   predonif- 
nance:  Uieae  of  colon 

Few  neaatlvB  of  colon  type. 
Positive;      Msjotilv      of 

um-sl»d  dlplocoDCi:  fev  large  coocol 
bodies;  rood  many  o(  colon  typr:  rooJ 
many  slightly  lonCTrandmoiTslpnd^r 

iffissxs;- 

colon  morphology  but 
longer:  some  o?  colon 

divided  iwlween  me- 

di  urn  -  sliod     (i  1  plorocoi ; 

and  there  one  with  spam  and  c^trid- 

diuni-siied  diplococci 

good  many  laige  baclUi 

lum-Uke;  fan- free  spores. 

some    ii|ijjroilmaUD(i 

of  about  aprogenssdisio- 

ornwpnpsHiorpholoEy, 

leng'th ;  others  are  sllgbtir 
ler^  and  short:  some 

Oct,    16 

Few  nwatlve  of  colon  ivpe.    Posllf™: 
1(«;  good  many  medium-slwtl  diplo- 

Poaltlv-efleld^PracIlcal- 

Some  nogati  ™  bacilli  slight- 

d Iplocorcl ;  frvol  ktd- 

ly  longer  than  colon,  and 

some  of  colon  morpholo- 

cocci; good  many  iMiiilll  of culon  type: 

gy,     l-ositn-e:   M»)ority 

varjing  lengllis,  ."liort 

arejleniler,lonB.^mfr. 

cuned;  others  slightly  ionwr  than  ■»- 

to  long;  tew  mot.,  jlen- 
iHit    ol   aorogenaa 

dinm length  l«ciUi;afe« 

Oramposiiiw,  and  anne 
have  swellings  on  end: 
others  of  this  type  have 

baclUi  i-eiy  stout  and  very  short  or 

long. 

spores;  few  medium-siied 

Oct.    20 

Few  neealiye  l-ocIlK  oloc*>n  roorpholo- 

RV.  snoie  SIlKhtiv  mom  slender  than 

um-slwldiplocwcUgood 
manybacilllofcolonmo^ 

colon,  and  some  slightly  longer  than 

colon.  PoBlUvo:  Like  las  tdoscription. 

pholMy;  good  many  long 
which  have  terminal  oval 

r»i5st-.sj;a 

spores;  here  and  there  1 

Oct.   23 

Like  last  description 

Positive  ni'id;  Good  many- 

gnod  many  long  slender 

bacilli  wltStenJlnaloval 

spoies;  mojortty  are  ba- 

soma  sUgfaUy  longer  ttavi 

colon. 
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RaulU  of  Gram^lain  («t»  on /mm— Continued. 

SUBJECT  11  {W.  W.  O— Continued. 


^„ 

Oram  stain  direct. 

Oram  slain  ol  glucose 
tube  Bodlment. 

Oram  stain  ol  bouillon 
tube  sediment. 

Oct.   27 

Good  many  negative  bacilli.   These  era 

Llk   1     t  a        1  tlo 

Qood  many  portly  nustlra 
colon  thickness,  and  per- 

of colon  typo;   Borne  ftighUy  lontsr 

end  thicker  than  colon,  and  a  eoud 
many  slender,  short,  and   medium 

haps  twice  colon  lenglh. 

Fosilivo:  Majority  are  bfr 

tenglh    rods   and  spirals,    fositive: 

Ukelaat  description. 

waon;  good  many  badlll 
longer  than  colon;  many 
pbology;  BOO<fniany  b»- 

^m  more  slender  than 

aerogenes  and  varying  in 

length  Irom  short  (olong. 

Oct.   30 

Vi.ZSXS'SZ. 

si:S':«?s3"',s'!,;",Kfc; 

l}-pe,apd»07ne5llKht- 

ly  loneer  Itisn  colon, 
fosillve:  Like  last  de- 

aJlElitly longer,  and  some 
very  long  and  slender. 

scription. 

Positive:  Few  m-Klium- 
sited  diplococci;  here  and 
UieiB  one  of    afrocenos 

badGl  more  slender  tImS 

cenea  and  of  medium 
Cngth.     A  lew   ■'punc- 

tate"   beoilli    ot    colon 

thickness,   but  silghtly 

longer. 

SUBJECT  III(A.  C). 


I  Gramposttlveandnegatlveaboutequal. 

■  NegBtlvo  arc  of  colon  typo,  some 
Bllglitly  longer  tliao  lolon  ami  a  lew 

I      sitglitly  longer  and  thicker  Clian  coloD. 

I  fostttve:  GoDdnianylargecoccaland 
dlplocoocal  bodies:  good  many  medl- 
um-slied  diploooeei;  some  bacilli  of 
colon  morphology;  some  sIlEhtly 
thicker  than  colon;  malorlty  are  ba- 
cilli slightly  longer  than  colon  and 
lightly  more  slender;  some  largo  lia- 
cUQ  containing  spoilt:  lew  ol  aero- 
genes capsuluius  type. 
Maiorltr  are  G  nun  positive.  Negative 
are  ol  ifllon  type  or  slighUv  longer 
than    colon.    Positive;   A  few  large 

I  cocnil  and  diplococcal  bodica;  good 
many  medlum-slvjd  diplococci,  ma- 
jority are  hoellli  lightly  longer  and 
more  slender  than  coTon:  somoofcoion 

;      morpbology:  some  thick  bncUll  vory- 

'  lag  from  colon  length  to  aerogenes 
morphology,  mostly  medium  length. 

July   10  I  Fow  negailvo  of  colon  tj-pe  ot  jlighlly 

ionger,  i'ositlvc:    Oooii  many  coci-al 

I      and  diplococcal    bodies;  many    mc- 


oorpholoEy;    majori 
e  slightly   longer  a 


dlum-slied  dlplococd:  many  sli 
medluiD  length  barllll;  somr 
tbcse.but  considerably  longer; 
bacilli  of  colon  morphology: 

aerogenes  morphology. 


colon  fype.  l^illve: 
mediuta-slied  diplo- 
morphology;  here  and 
geops  cjipsulal  ua  type ; 


3  ram  negative  predomi- 
nate. These  are  of  colon 
type  and  some  longer  and 
more  slender  than  colon. 

free  upons;  a  lew  modl- 

Jorltyore  baclUl  ot 'aero- 
genes morphology,  butoj 
vorylng  lengths;  a  good 
many  lacim  of  sub  111  is 
type.    Some  free  sports. 


FosHlve  field;  Good 
many  mcdium-slied 
diplocotil;  someofco- 
ioQ  morphology;  good 
many  chains  of  sub- 1 
tills  type  (contamlna- 


Mostly  Oram  positive 


clialns;  good  many  ba- 1 
ogy,anrtsoino^ighily  . 


Positive  field:  UanybacUU 
of  subUlls   type;  a   few 


slighlfy' 


Positive  field:  Some  me 
diplococot;  go(Hl  man) 


Positive  field;  Some  me- 
dium -  stied  dlplocwxl; 
practically    all    baclerla 


reob,Goo>^le 


SODIUM   BENZOATE  AND  THE   HEALTH   OF   MAN. 

Remltt  of  Grain-tlain  taU  onftat — Continued. 

SUBJECT  111  (A.  Q.) -Continued. 

^T^m  stain  of  gLucofiu    I     Gnm  stall 
tube  sediment.         '  tubes 


PsslUve  pRdomlna 

colon  type,  wiinB  .-„„-  .^ 

and  a  few  spirals.  Positives  Few  Isriie 
coccal  bodiaa;  good  many  medlum- 
sluid  diplococd;  some  bacilli  ol  colon 
moiphoiORr;  soma  baeilH  at  colon 
mocpiiologT,  but  Itdckec;  good  many 
UoiiUl  jliglillylongMKnctniorcsler'-- 

luge  ttiirk  bacilli  »'ia  sporna. 
Few  negaUr*  of  colon  type  and  » 

-      "-■'" —   ■  "■-  lut  doscrtp- 


splral 

Uon. 


ilrala.    Positive:  1 


Few  DdgatlTO  ot  oolon  type  and  some  , 
tplnla.  Positive:  Good  many  large 
eoccal  bodies;  many  medlum-slica 
dlplooocd;  some  bacilli  of  colon  type 
HOd  some  longer  tbao  these;  some  ba- 
cilli of  ailon  length  or  longer,  but  more 
slender  and  ate  curved  ejid  have  ! 
polnl«d  ends;  some  of  serogcjies  mot-  ! 
phology. 

Few  negative  of  colon  Ivi*  mi' 
Eplral  organisms.  I'osUlvp; 
large  ooccal  bodies;  some  m 
iliod dtplococcl;  somebailUli 
morphology,  but  thicker,  a 
Ehoit  chal^;  good  many  n 
length  slpndcr  boclUl;  some  i 

baclUl  BjiproilinoUng  subUlls 


ailfSi")'  longer:  P{ 

coccal  and  dlploco 

medlum-slEed  dlplococd; 


ilococval  bodli»;   many 


txism  morphcdocy  and  some  thleke 
than  colon.  Uany  slender  meilliui 
Imgtli  bacilli:  few  of  aeiogenes  type 

dium  length  badUl  like  subtULi  L 
morphology. 


are  small  dlploei 

few  of  colon  morphol-  I 

colon,  and  some  ap-  |  of  budlll  are  thicker  and 
proactilngaerogenesln  approach  aerogenes  In 
morphology.  i      morphology:    a  few  me- 

dlum-alted  diplococd- 

Poslllve  Belli:  Uany  me- 
dium-slicd  dlplocorel; 
majority  are  bacllU  of 
rolon  length,  but  thicker 
than  colon:  a  (tm  hacUll 
approaching  aerognirs  tn 
mofphology,  but  of  vary- 
ing lengtb,  mostly  olme- 
dlun-  '--^'- 


Posltlvefleld:  Majority 
are  mcdlum-siced  dl^ 

hodUl.  Borne  ot  colon 
length,  others  ap- 
pnnichlag  morphology  . 

rather  large  coccal 
bodies. 


.  ..  .  _!ld;  Many 
medlum-slied  diplo- 
co<«l,  some  in  clulns: 
some  baclUl  of  aero-  . 
genes  dianieler.bulofi 
Bljout  colon  lencth, 
others  slightly  shorter 

'  Positive  field:  Uatorlly  ' 
aremedlum-slied  dlp- 


snglh. 


morphology  and  many 
longer  than  colon:  some 
very  long  bacilli  ol  about 
aorogenes  morphology . 


refleldrManyme-  i 

111  are  thick  ami  i 
In  length  from 
ength  to  aero-  ■ 


cuil  of  modliun  length  or 
longer,  a  few  witli  bead- 
let  (7):  some  bacUll  o! 
EubtilLHtype  In  chains:  a 
few  largo  dlploooccal  bod- 


^osillTO  Md;  Some  me- 
dium-diod  dlploooecl; 
mi^lorlty  are  slender  me- 
dium length  liacllll,  sf  me 
are  long  and  have  heaiilct 


[teespom:  atewofHilon 
morphology;  few  ot  aero- 
genes  morphology,  lien) 
and  there  slsul  medium 
length  liadill  with  tvo- 

POiUlve  ftcid;  Ooodmanv 
medium -sized  dlplocoeci; 


Like  Us\  desorlpUon.. . 


morphology,  but  thlei 

suiittlG  ti-pc:  a  few  I 
spores;  here  and  ther 
LacUl  us  of  oerogenes  m 

,  PoslUve'Relil:  Field  ful 
f  l.acllll  ot  aerogcnes  re 
I     phology:     a    few     I 


slied  dlplococd. 
.,'  Positive  Held:  Field  toll  ot 
j      large  thick  baeilliolacro- 

few  hi  chains  of  suutllls 
type;  a  few  tt«  spores; 
some  medliun-slied  dlp- 

1     morphology    uid   some 
1      thicker  than  oolon. 
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RetulU  of  Gram-stain  tttU  im/ecei— Continued . 
SUBJECT  III  (A.  G.)— Continued. 


;  LIko  last  dmcrtption. . . 


Aug.  2s     Onm  pi 


JO  predominate.    Negative 


any  slightly  Longer  tlmii 


lotee  CBBClA  bnlles;  eood  mui;  me- 
dlum^liod  illplococcl;  majority  are 
badlll  of  colon  morptudoey  or  alfgbtlj 
longer  than  colmi,  some  slfihlty 
curred;  iodk  rather  tblck  bacilli,  a 
tew  at  which  are  ol  aangeiws  moiphol- 

ogy,  other*  shorter;  a  lew  fi 

Feir  nagatlra  InclUi;  these  t 
type  and  a  lew  large  thick  uhl-uii  umi 
an  partly  deooloi1»d;  otherwise  flora 


dc9i3lptlo 


.j  atam  MBltlvo  pradomlnata;  negnUve 

are  of  mlon  type  and  spirals:  one  laree 

■toot  bacilliu.    rosllive:  Alew  lar^e 

,      ooool   bodies;   many   m»Jiuni-siied 

dlplococri;  maiarllyare  haelUl  of  coluu 

I      morphrtogy  or  lonper  anJ  more  slen- 

{      der;  soma  stout  liocilll  of  arrogea» 

morphology  or  shuitcr;  a  low  bacilli 

orsubtlltsniorpbalagy;  here  and  there 

Gram  pwltlve  predominate.    N^^tlve 
are  only  of  colon  typ*.    Positive:  A 
I      lew  large  ooccal  bodies;  v 
I     Dwdliun-alied  dlpk 


•%"- 


, j'l,  ^^IcL 

predominant;  good  many  badlll  of 
— '-n  moipbolagy ,  or  longer  and  mom 

ler;  a  lew  banlll  of  about  aen^nes 

pbohwT  or  sboner. 

nllkelMtexuuliutUon 


like  last  description. . . 


Like  last  lull  daicrlpClon 


Poaltlra  fleld;  U«lorlty 
are  mediuzn.siiea  dip. 


se„ 


I:  Malorlty 
i-slisd  dip- 


;htly       longBt; 
»lon  morpBol- 


FositlvB  Seld;  UaJOTlty  are 
meidum-filzed  dlplocoGoi; 
some  sioDll  diplococci;  a 
few  in  chnlna  of  aubtilis 
tyua;  rtmaimler  are  b»- 
atll  of  aerogenas  thick- 
ness,   but   of  short   or 

Fosltix-o  llelif^'F  i  e  !  d 
equally  divided  among 
diplococci  Dl  medium  site 
and  stout  bacilli,  mostly  of 
medium  leiioh,  here  aikd 

inmorpholoKy;  Blew  long 
thick  threads. 


th  roads    wen 


ogy:  most  of  liacterla  are 
rather  thick,  vary  i  ngf  rorp 
short  to  anrogenea  mor- 

KLDlDgy,    but    tUDst    ol 

Like  last  description. 


PosIUve  field:  Uauy  mi^ 
dium  -  sized    dlplooocdj 

many    ^lli 

thlc^  LbcM'o 
moiphology  o 


■iiad  diplococci  pradomi- 

type:  a  few  long  thin 
bacilli;  good  many  thick 
bacilli  of  acrogenea  moi^ 
phology,  othera  shorter 

PosiUTe  field:  Oood  maoy 
medium.^ted  dlpiooocei; 
some  of  colon  type;  a  tew 
long  thin  badlll  and  Hme 
long  thin  threads;  good 
manyol  aerogenea  mm^ 
pbology  or  kmgar  at 
shorter;  a  lew  chains  ol 
BubtlUs  taorpbology. 
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Retulu  of  Gntm-itam  U»t»  onfeixt — Continued. 

SUBJECT  III  (A.  O.)— ConlLnued. 
Gram  stain  direct.  i    °'^,i'^ld^'?°™'   '    '^"Lbf" 


ii\j  medium-  i 
I  KiEeu  miiioconii;  somfl  [juclUJ  of  colon 
I      morphology,  Eome  slightly  lojiKCT  and  | 

I  Uood  many  larce  h>ccsI  liodifs;  mH^  | 
'  Jorlty  ore  medJutn-sliad  dEplivo^:!: 
coDSjdflrabLe  num^ier  of  medium 
lengm  slender  currad  lincllli;  soma 
tiBciUi  of  colon  morpholoey;  a  (ew 
liscllU  Dt  oeranttes  ni(at»ialaEy;  a  feu- 
very  stout  and  very  Iouk  bBcIlli  of  un- 
known moipbolagy;  a  [aw  tnther  long 
slendflr  threads- 
Picture  bere  like  last  description,  ex- 


sol  the  f 


0(  unknown  morpholocy  w 


Picture  like  last  oxamlnation 

liBcilll  of  tneilluni  leneth,  i 
which  contained  cenlral  spoi 


Mcliin  exactly  like  tl 


Few  Oram  negnllvo  of  polon  type    Po^- 

loTOCc1;sonie  tacdil  of  colon  type,  and 
a  iiODd  many  longer  and  moreslender; 
feiT  of  aerottenes  morphol«tT!  some 
bacilli  longer  aod  thicker  tlian  airo- 


manyol  colon  morphology:  somellkr 

some  slightly  longer  than  colon  and 
mora  sleDder:  fow  of  aerof^nes  mor- 
phokwy ,  an  d  a  fpw  of  lU '  n  igi  nos  Ion  gt'i . 
but  sllghtl  y  mom  slender  than  typical. 


>   bacilU 


inorpholocT  or  shorter. 
Positive  field:  Pisctl-  Positive  Herd:  Uajorlty  are 
cally  all  are  medium-  tiacilll  of  aeroeenes  eap- 
siied  dlplocooci;  a  few  sulatus  type,  but  many 
mlher  large  dlpldcocd  OIB  very  long;  consider- 
In  chains:  vary  few  able  numlier  of  medium- 
sited    dlplococd:    some 


lengths. 


this  sediment. 


BP  rogenBs  morphology. 
Picture  Just  like  last  ex- 


colon  type  and  some 

nes    In    morphology. 

dlum-alied  dipioMcni; 
majority  are  Ijacilli  of 
aiTogenes  morpholoCT, 

some  very  long. 
Few  Gram  negative. 
These  are  of  the  mor- 
nhology  of  the  bacilli 
aesrrioed  under  gram 
poaltlv*.  Positive: 
Uajorlty  are  medlum- 
siied  <nplacoccl:  few 
bacilli  aj,]>roxlnia«nit 
serogence  Inmorpbol- 

typlcal. 


am  poal- 
y.  Major- 


iw  gram  negative  at  odon 
luorphology.  Positive : 
Uajorlty  are  about  nio- 
llum  length  single  i>aciUI, 
lome  of  whicli  contain 
iporea:  a  few  free  spor«3: 
1   few    lacllll    of  colon 


ogy,orsliehtlyloi.„ 

long  liacllli  with  terminal 
oval  spores:  some  bsrilli 
of  aeriHSnes  morpbology : 
a  tew  free  spores. 
Positive  Oeld:  Majority  are 
medlum-slied  dlplococci : 
a  lew  rather  large  dif- 
lorocd  In  cIiBint;  many 
luorphol- 


badlll  fl 


Few  aram  negative:  These 
of  coton  tj-pe.    Positive: 


eslWb- 


typlcal  leogth  to  medl 
length    or    short:    g 


D.qitizeaOyGoOl^lc 


EFFECTS  OF  SODIUM  BENZOATE  ON  HEALTH,  ETC.,  OF  MAN.       519 
Remit*  of  Gram-itain  teiti  on/eett — Continued. 

I  (A.  a.)— Continued. 


phology;  B  (tiw  boctlU  more  slmdpr 
than  aert^^es,  raoslly  ol  nullum 

hime  negitlTF  or^uilsnis;  these  are  of 
colOD  typo,  a  few  mther  stout  medium- 
length  l»cl  1 11.  a  few  very  long  silncdrr 
bedlll.  and  a  tew  ne^tlve  spirals. 
Pisltlve:  Orguilsms  u  belore. 


ogy^mmdmanybUi^tlU  ' 
mom  Blender  thau  [ 
aerwrenns,  ntmtl;  of  - 
medium   leDgth    and 


daJ(tTlty  ar?  medlum- 
alml  dlplococrl: 
same  baellll  slouler 
and    Bllglitly    loDger 


f>aaltm  Beld:  Ualoilty 
am  aicdiuni.slt('d  dlp- 
fccocci;  some  of  aero- 
EBtKs  morpbologyi  a 
few  bacilli  of  calon 
morpboloey:  b«ra  and 
Uwre  l»eun  moiB  slen- 
der   UkBQ    mmgaiea 


m  italn  of  boulllan 


upiuuKci;  lew 
..     morphology; 

E Tactically  all  are  laige 
nctlll,  peihaps  mcTe 
slender  than  aero^oDes, 
and  mostly  at  slion  snd 
medium  lengtha;  a  fr-w 
of  Ihrao  apprailmatlng 
aerogenia  In  morpholopy; 
here  and  them  a  few  ba- 
cilli In  chains  of  nibUlls 

L'ery  fpw  IrT'egular^  giajn 

th&kneaa  and  sllehtly 
lonpT  than  colon.  I'osl- 
tlTe:  Good  many  bacilli 
ol  colon  morphoioEv: 
practically  aU  aro  iHdlli 
more  slendii  than  acro- 

medium  leneth;  a  lew  ba- 
clUf  approilmallng  aerc^ 
geora In  morphology;  lew 
medium-sized  d  I  p  1  o  - 

I  ew  neeall  TO  of  colon  type. 
Poslllve:  Ooodnisny ba- 
cilli of  colon  type;  good 
Dumy  like  cuTon  but 
sll^Cty  longer;  malorlly 
cm  bacUH  lUte  subUUe  ot 

tnirsporos;  lev  bacilli  of 
aeroctmes  morphology;  a 
(.;*  bacllU  more  slender 
than  colon  and  of  vary  log 


L'BJECT  IV  (O.  F.  L.). 


Uajoilty  Gram  Degatlv-c.  Theai  aro  of 
colon  type  «  slightly  longer.  Posi- 
tive: A  tew  largt'  cuccal  anddlplococ- 
cAl  bodies;  agood  many  mddluji.slz«l 


Like  last  description... 


Llkfl  laat  description,  exapt  here  ar 
(eiT  Tery  long  slender  pwltlvo  bat 
and  a  few  large  threads. 


dlplococcl;  majority 
are  thick  bacilli  vary- 
ing Irom  colon  length 
to  aerogcnea  morphol- 
ogy, moslly  of  medium 

su  I)  Ulls  type ;  some  ba- 
cim  of  colon  morphol- 

Po^lve  field:  Majority 
arc  niedium.slB;d  dlp- 
lococcl;  mualndor  are 
thirk  hatilll  varvhie 
from  colon  length  to 

uey;   mostly  of  me- 


(hick  badlll  are 
tremely  long,  1« 
aerogcnes  lengtb. 


^ucose  scdl- 
lebelh  or  longer,  but 
tw  medlum-siied  dip- 


Positive  Held:  Oood  many 
small  dIplocDccI;  a  few 
hoc  nil  01  colon  nioiphol- 
oev;  majority  aro  rather 
thick  LLicllil,  mostly  of 
eraogenca     morjihrrfogy, 

dlum  It 


laSu! 


I:  Majoritynro 
bacilli  ol  colon  morphol- 
ogy and  some  slightly 
longer  and  more  slender; 
good  many  small  dlplo- 
corcl;  bore  and  there  s 
bacillus  of  aublills  mor- 


D.qitizeaOyGoOl^lc 
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PoiltiTe  pndomliiaM.    KegatlTe  an  ol 

— '-o  type.    Paalllve:  Few  Isrgi 

HD(f   diplococcal    IkmUm: 

many  medium-sir"-  ■"-' '■ 

bBcllii  at  colon 

many  aUghUy  lon/xi  man  aHon  atm 
more  slender  or  ol  colon  Ihioknesi: 
a  few  ol  aerogenes  morphcdogy;  »  few 
ot  BubOlls  morphology- 

Uke  test  description,  except  here  are 
nme  bacllU  ol  aeroeanes  morpliology, 
but  o[  Dwdlum  lengtli. 


Like  last  lull  d«scrlpUon  except  a  lew 
negative  airirala  bare,  few  modlum- 

j„j   j._i .    ^,aa  ham  coccal 

er  Ion  e  thick  threads 


.  negative  ol  colon  type.  Poiddre: 
V  tew  large  coccal  and  dlplococcal 
-" B(11inn.slieiJdlp- 


Eoodms 


some  bacilli  of  aerogenes  thlek- 
iitBBui  Uilckarandol medium  length; 
gome  ba'^llll  of  colon  morphology; 
many  badlll  of  medium  length  and 


moatly     ol    rnedlum 
lenaUi. 
:>03ltlveflpld:  Medlun 
blud  dliJococd  In  jit- 


oaftt,  tilt  mostly  of 


Id:  M^inty 
ime  badlll  of 


long,  bat  moally  of 
medium  length;  sor^ — 
long  thick  thieads. 


•jsglil 


type,  and  some  slender 

Srane  small  dJplococd; 
mt^lOTlty  arc  thIcL  bacllU , 
slightly  heaTler  than 
aenwenes:  most  of  them 
are  loug,  others  of  znuil- 
um  length  or  short:  a  lev 
have  ceniisl  spores;  a 
lew  baclUl  of  colon  mor- 
phology. 
Positive  Qeld:  Uijoiltyarc 

from  colon  length 

mostly  otmedlnm 

Ion  length  or  Ion; 

othera  of  colon  morphol- 
ogy; a  lew  medlum-slied 
djplococd. 
Positive  Add:  Soma 
medluin-alxod  dlplo- 
cocel;  ma}ority  ere  raUier 
thick  baSm  ifksthfHeon 
ducosB  medium;  a  few 
badlll  of  medium  lengUi 


Positive  field:  Some  me- 
dliim-elteddlplcciocol; 
nmjoilly  are  rather  thick 
bacim.astn  lastdeectli- 


tral  niaies  end  are  oca 
ilonally  In  chalna  rf  twi 

PosIUve  fleJd:  li^orlty  ai 


of  al>out  aaofsnti 
capeulatus  t^'pe,  but  of 
varylne  length  InpfB- 
domlnance:  some  bag 


morphology;  no  free 

PodU™'  field:  Few  n»- 
dlum-BliBddlplocooci: 
some  bflcUU  of  ooW  mor- 
phijogy;  some  tjaclDi  of 
medium  Ifcigth  and  slen- 
der:   hers  and  there  a 


field  lull  of  thick  badUl 
of  varying  lenglhe. 
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QnEn  atoln  direct. 


i:  Few  meiDiiin-ilied  lUplocood: 


like  Aug.  14,  eicepC  a  (ew  nemllve 
apical  orranlims:  gw>d  maaj  medlum- 
stied  dl^oooccl. 

Few  DeuUve  at  ooIod  type.  Podtlva: 
A  bvlorEB  cocpal  bodlea;  good  many 
mediuuMlied  dlplococd',  ■  tew  long 
tlilck  threads:  wms  badlli  of  ixAaa 
morphology;  Mme  bacilli  a(  aengeiMa 
thlcbiess  and  ol  medium  length: 
bBcilU  ot  medium  length  sud  slender 
iDroaJoriCy. 


Like  lost  dascilptlon. . . 


I  ol  colon  trpe.  Fojltli 
OQCfial  bodiea;  good  maj 
ed  dlplococd:  moay  ir 
h  tAcflU  of  alender  diai 


Picture  Ilka  liut  desrlptton 


Posltire  predamlnate.  Negattva  of 
colon  type  and  a  ttt  aplrals.  Posl- 
Uve;  Some  lai^  ooccal  nodUe:  good 
many  mMUuoMlted  dlplooood:  a  lev 
badlll  o[  atnat  subUlli  moipbolagyi 
barn  and  thva  a  tree  spon;  good  maay 
bacilli  ol  aeraeaoea  morpholagy;  ma- 
jority are  bacUll  ot  colon  morphology 
or  slightly  longer. 

Picture  Uke  last  deacrlptlon 


Same  aa  last  deacilpllon . 


Poelllve  (laid: 


ilieddl 


chaLns:  remainder  are 
aeiogeneE  mOTphalogy : 


Po)lll\-e  ftddT  Malorlty 
oie  medliun-elied  dip. 

hadlU    Tarying  izoTti 


Like  laat  deacilptlan, 
eioapt  bave  here  In 
addition  some  long 
rather  Mout  thread!. 

Uke  laat  deaarlptl<m 


good  many  long  thick 
bacilli  ol  aecogena  moi- 
Idiokiey,  but  with  cen- 
tral and  terminal  apors; 
majority  are  medlom 
lengtb  or  long  baclUl  of 
medium  tbloknesa. 
l.iLo  loitt  deGcrlptlon  plus 

Pwdlli-e  Held:  Some  amaU 
and  medium-sized  dip- 
locaod;  some  badlll  ol 
colon  marphology:  aome 
bacllU  ot  medium  tengih 
and  slander;  Add  lull  ol 
thk:k  badlll;  aome  aa 
very  long  threada;  othen 
ot  aercKenea  langib  and 
approiljnatinE  cloaely 
morphology  afaerofmies: 


PoslU^-e  neld:   Bonv 


'  long  thin  threada- 
-osiuve  Add;  A  tew  nw 
d  1  urn -8 1  zed  dlplococd; 

pbolog^-;  some  medium 
length  Blender  1>acilll; 
some  ot  this  morphology 
have  enlargements  or 
sporaa  on  end;  great  many 
ratber  stout  badUI, 
mostly  ot  aerogenes  mor- 
phology, but  others  ol 
medium  length  or  short. 

■oslUve  tteldiUany  badiil 
ol  colon  roorjiolDgy; 
these  and  some  slightly 
longer  than  colon  are  In 
majority;  atewot  ecrog- 
enea  marphology:  a  lew 
long  Cbm  threads. 

i'osltlve  Add:  Good  many 


phaiogyandaameillghUy 
longer  than  these;  tniahir- 
Ity  are  rathar  thloklw- 
cllll ,  most  ol  which  an  at 
Bcrogenes  mon>bolDgy; 
others  short  or  otmedi  u  m 


more    ot   the   colon-Bke 
barlUl. 
PoslUvB  fleld:  Uajonty  are 
bacllU  ol  colon  morphol- 
ogy: some  madlum-slted 
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iiiie. 

Glam  stain  dlncl. 

Oram  italn  of  glucose 

Oram  statu  ol  bouUlon 

Oe'Jf?- 

'»3tt!CSfSfBiS; 

'rs^a;«As 

Few  neeotive  of  colon  type. 
Positrv-e:  Ooodriiany  me- 

tlilckoess,   uid  a  chain  ol  ipindle- 

iJed'^lfficiUi   of  colon 

shapedorganlsnu.  roslUve:  Few  large 

morpholoE}-;     good 
many  meJium  -  siied 

ml^y'tSui  ot'cMTn 

cocchl  bodies;  good  muu-  modtmn- 
stied  dlploooccl:  mBjorlly  are  bacilli 

morphology;  lew    bacilli 

dlplococcl;  lew  bacilli 

of    aerogenes   thfelniesa, 
but  varying  froui  short 

are  slender  aii<l  curved;  some  ot  colon 

to    Bcrogenes    lereth, 
mostly     ot    medium 

Blunder  than  colon  and  longer;  tew  of 
aeroEimss  type;  ten  very  l^lck,  sbott 

than  typical. 

length. 

Oct.   23 

Good   niany   neeaUve.    These  ate  ot 

Positive  aeld:  Medlum- 

Few  iBgatlva  bacilli  that 

colon  t;iw,  sonw  lonrar  tlian  colon, 
nndafeHsteadersplii^.    I'asillve^  A 

slud  dlplococcl  much 

are  rather  stout  and  at 

1>.  ptoSoKiinaiice; 

medium  length.      Heel- 

(e*laiKeooccBl  bodies;  soma  niedlum- 
al»d  dfplocotti;  soma  bacilli  ot  colon 
morpholoey,  and  soine  aUghOy  longer 
thancoloD:  goodmanyllkecolon,  tint 

^J»nesthi'ckne™3 

sllBhlly  longer,  and  some 

and  of  medium  length 
imd   short;  here  mi 

slightly  longer  anJ  more  slender;  a 

S^  Mton^s^B  iS^ 

lenoHhcsearBsliBhilycirred;  ale* 
ol  aerogenes  morp&ology;  a  leur  more 

ol  aerogenesniorphDlogr; 

occaatonal  large,  tbiclE  bacillus  ol  un- 
certain Identity. 

■ 

and  vaii-lng   In   length, 
mostly  ofraedhim  length ; 
a  few  rather  sloul  bacilli 

ol  snbtllls  or  megatbe- 
Posim-e'S'iiiority  ai«  ba- 

■sr.uS^.ie 

cilli  of  colon  morphology 

sited  dlpkcoccU  bere 

and  slighUy  longer  than 

and  then  a  bacllliis  ot 

slinl  dlplococcl;  hfliB  and 

there  short,  slout  bacilli 

acroKKuea  and  ot  mn- 

ahnost  Hiccal  In  form;  oo- 

caslonal  tree  spores. 

Oct.   28 

do 

Like  last  description.... 

A   lew   negative  ot  colon 

Uajorlty    are    medlum- 
idied    dlplococcl;    some 

baclUl  ol  colon  morphol- 

ogy; good   many    baciUi 

more  sleuder  than  aeto- 

fengtb;  hete  and  there  a 

baci  lliis  ol  aerogenes  mor- 

phology. 

SUBJECT 

V  (A.  M.  N.). 

cocci;  some  bacilli  of  colon  morphol- 
ogy;  good  many  bacilli  ot  medlinu 

bacilli  and  a  taw  approilmatlng  aero- 
Gram  positive  prBdominats,  Negative 
areoicolon  type  anda  lew  ratherla^w, 
thick  baciUi.  Posillve:  Good  many 
large  coccal  bodies;  znany  medium- 
eiied  dipioCDcci;  majority  arc  medium 
length  and  aluider  bacilli;  some  ot 
colon  morpbol(%y;  a  lew  barlltl  ol 
aerogenes  morphology;  hereandlhere 
some  large  bacilli  like  sublllis  In  mor- 

Pictureol'llcldlikPl. 


cept  11 


t  despripllon,  ei- 
haciHI  predoml- 
on  type  ot  some- 


Positive  fleld:   ._      .. 
medium -sized  diplo- 


ed^ipl 


B,  thick  threads. 


Positive  field;  lli 


VI 


aerogenes  In  roorpbo- 


Posltli'e  field;  good  ntany 
large  bacilli  ot  aerogenes 
type;  some  medluin- 
slied  cocci;  some  bocilll 
ol  colon  morphology;  ma- 
Jorlty    are  slender,  me- 


Malorlty  Oram    negative. 
These    ol    colon    type, 

thick     bacUU,     varying 


a  few  chains  ol  nihtilis 


60DIUM  BBNZOATE  AND   THE   HEALTH   OF   MAN. 
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SUBJECT  V  (A,  11.  N-i-ContliiueiS. 
Oram  stain  dlrc«t.  Gram  stadiplKliicoaB        Gnm  stain  ol 


'inm  TNMlUve  predominate.  KeKBUrc 
of  oolon  type.  PosfUve:  Some  large  ! 
coccal  bodies;  good  many  medium, 
sited  dlplococcl:  good  lOBiiy  biicUU  ol 
Berogenes  lypo  or  shorter;  good  many 
badlll  Dlinnlltun  length  oilonEor  and 
•lendei;  hero  and  Uiere  a  badUujs  ol 
BubUlls  morphology. 

J  nm  posltlTB  and  neijatlTe  alMUt  equal; 
negative  ot colon  type;  otherwise  BofB 
*9  In  lust  GxsmlnstloD. 


almost    excluslTely   Gram 

Home  laree  cocnil  bod^;  s 
dlum-slied    dlplococcl;  som 


n-slied    dlL>loc< 
L  bacilli  o7  U'l 


morpho*ogj. 
Picture  like  that  of  last 


actty  like  last  descrlplton.... 
negBtlre  about  equal ; 


Gram  poslUTO  predominate.  Negative 
ol  colon  type.  Positive:  Homo  laiEe 
coccal  bodKs;  eood  many  medlum- 
Blvd  dljiloconel;  lew  iHiclltl  ol  aero- 
Rpnes  morplioloey;  good  many  bacilli 
Of  medium  Iimeth.  or  Ionian]  alender : 
■omo  loni!.  tlilck  threads:  OL'cadonal 
bKmiolsubtlll!imori>liol«y. 

Oram  posltlvealQiostexclusii-ply.  Ex- 
cepting the  t^w  Tery  longr  alendcr  ba- 
cilli mnntloned  among  ini>  gram  posi- 
tive In  tbe  lut  descilptloD  this  one 
tallies. 


■e  field:  Mojorlly     PosiUvc 


siou[bu:llll.moitlyD[ 
medium  length .  others 
short,  others  ol  — 


Held;  Bomn    i 


thick    ihir'ads;    sUmt 

Posliii-efleld:  Cood  of 

stout  bacilli  mcD- 
tlgned  In  lost  eiaml- 

dlvlded;  some  Sadlll 
of  colon  morphology. 

Positive  Add:  Uajorlty 
are  medlum^Lud  dlp- 


dlum  lenfnii  or  short: 
some  long  Blender, 
and  thick  Ihieads. 

Like  last  description  of 
this  sediment. 


Like  last  description... . 
E  xacUy  like  last  deacrlp- 


thesp    sediments,    In 

dlum-slieil  dlplDCOCCl 
In  minority. 

Positive  field:  Equally 

dtum-slird  dlplococd 

ol  various  lengtlis. 


ore  ratber  tUck  bacilli  of 
medium  length  or  abort. 
DC  ol  actogenes  morphol- . 
oEy;  here  and  there  b^ 
cfiil  of  colon  morpbolog;. 
Same  ai  last  descnpUon. 


medium  lengtli  bacilli  oT 

many  rather  thick',  long 
bacUa  hBvtiif;  central 

medium  length;  bete  and 

bacilli  of  coloQ  morpbol- 

Posltive  Beld:  Few  me- 
dium-siied  dlplococcl; 
majority  are  rather  thick 
bacilli  of  medium  lenelh 
or  short,  others  of  aero- 
genes  morphology;  soma 
foDg,  thick  threads. 

Podtivo  Add:  Few  me- 
dlum  -  slied  dlplococcl; 
some  bacilli  of  colon  mor- 
phology. Uajorlty  aie 
luge,  IMck  t«cUU  of 
abou  t  aerogenesmarphol- 
o«y  or  loiuer;  •""^9' 

oval  terminal  spon^. 

Exactly  similar  to  last  de- 
scription. 

Few  negative  ot  colon  t™. 
Positive:  Many  badllf  of 


mlnal 


ound 


medlum-slied  dlplococcl: 
Gome  small  dlpiococcl;  a 
f™  thick  bacilli  of  oero- 
genea  thlcknes,  varying 
In  length  From  short  ba- 
cilli to  very  long  threads 

PorttlvB  field:  Few  me. 
dlum-sUcd  dlploooccl; 
some  bactlH  olcdon  rnoc- 
pbology:  majority  are 
Udck  badUl  of  about 
aerogenes  morpbdaey  at 
mucn  longer;  some  ot 
these  lone  organlams  oan 
be  deacribed  aa  thnads; 
some  of  these  shorter  ba- 
cilli havo  terminal  sporoa. 
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(SUBJECT  V  (A.  U.  N.)-CoiillDued. 


Onus  3talQ  direct. 


Gniiit  positive  iJniost  exclusively.  Nega- 
tive ol  coLon  type.    Poaltlv—  " 

iBrgfl  okkbI  boaiea;  some  i 
slied  (IfpLocoocf;  *jme  bBcUU 

thick  bacllil 


1  ol  serDgenes  type  and 
I  and  ol  medium  leDgth; 
mii)arll7  o[  bBCUll  are  of  medium 


Aug.  22-  [  Gram  positive  and  oegstlTe  about  equal. 
I  Ni'gBtlveBreofi'OtoumDrpboloeyaEid 
some  lime,  slender  badllL  Positive: 
Boma  large  ooocel  bodies^  a  fooi  many 
I  medlum-siied  dlplococd;  many  ttdck 
;  bacilli  at  vsrlous  lengths,  some  short, 
i  iDOntoltliemmHllumlength.someoC 
>  aerogenes  morpholog;.  and  some 
longer:  a  few  large,stoul  bacilli  0/ sub- 
tills  morphdoEj.'  soma  of  colon  type; 
_.i.rf._  — 1 — 'Hi  ol  medium  length 


Aur  28 


majority 


tube  sediment. 


Positive  field;  Pioctl- 
cally  all  aivmedlum- 
sUed  dlplococcl.  some 


varying  lengths,  a  lew 
approximaUnE  aero- 
geoes  Id  morphology. 


Ukelastdeacrtptlon. 


Positive  pradomlnale.  Negative  are  ol 
colon  type  or  slightly  longer  and  slen- 
dor,  and  a  (ew  splrochelfr-lllte  organ- 
Isms.  Positive:  Majority  are  slendei 
bacilli  of  colon  marpbok^  or  loDger; 
"""^  largo  coccal  bodtej:  good  many 
lum-slied  dlplococcl:  a  lew  ba. 


Positive  field:  Uajoiityare 
bacllil  ol  about  colon 
morpholt^y;  some  more 
slender  and  of  medium 
length  or  a  little  longer: 
many  long,  thick  bacilli 
of  aerogenes  morphology, 
except  some  of  tbem  have 
lermlnal  oval  spoita:  sev- 
eral chains  01  subtUli 
type;     some     medlum- 

PoslUve  Oeld:  Good  manv 
medium-slied  dlploooccl: 
good  many  of  colan  mor- 

Sbology:  a  few  long,  slen- 
Bt  hadlll;  here  and  there 
a  short  obain  of  subtlUs 
type;  majority  are  rather 

medium  length  or  short, 
otbeix  like  aerogenes  Id 
morpbology. 
Like  last  dcflcrlptloD,  ex- 
cept diplocooci  »ie  more 
abundant  and  there  are 


negative;  many  long 
thick  bacllllpull^ly  de- 
oolorlied.  Positive:  Ua- 
Jorlly  are  rather  thick 
bacilli,  a  few  showlug 
cmtral  spores:  many  m 
'*"™"  "'^^"wlse  simulate 
a  morpbology, 


Qian    t 


of^,  ^though  Ihey  are 

Positive  field:  Majority  are 
bacilli  of  medium  length 

neMly  of  oolon  mor-phol- 
Wy;  a  few  chains  of  sub- 
tllis  type  wlUi  cpntral 
spores:  some  rathfr  Ihick 
bacilli  ol  aerogcni  3  mor- 
phology, others  longer, 
some  snorter,  and  a  lea- 
medium -sized  dlplocoed. 
Posltivefield:  Uanyiiiullll 
of  mndltun   kngth  and 


rather  thiol 


dIum-Eiii'd    dlplococcl: 

morphciogy;  some  ba- 
cilli of  aerogenes  mor- 
phology, others  shorter 
Ebon  these;  majority  are 
bDcllll  of  colon  motpbol- 
ogy  or  slightly  lontfer. 


SODIUM  BENZOATE  AND  THE   HEALTH   OF   MAN. 
RetulU  of  Gram-ttain  U*U  onftee» — Continued. 

SUBJECT  V  <A.  H.  N.)— Coatlnoed. 


Qnin  stain  ol  Ik 


dLum  '  alced    djploca 
good  many  ormloii  m.. 
phoIoK>'  <3r  little  longer; 
somp  vay  long,  slender 
bHcllll;  (nwd  many  stout 
.......    _.        olaenxfe- 

ilogy    othi  — 


ttlmdurliocilll 

lUWI  Ml-OOl    1 


ad  dliilonxx'itl  IjodU's:  | 
L-ilwo  dip  locoed;  good 
ttolunty|H-;  Rumi'lcmg-  | 


nuui)-  liirtn-foei'iLljodJi-a  -tviisld.i 
inediu)ri-i1«'d  dliilocoril:  irinji 
arp  liu-llll  ol  talon  morfholoKy 
Hi  I  In  lunger  than  mlon,  somi'  slal 
luvpllorly;  aim  L>a('llli  o[  noro); 


,  FloIBBsoilSfpL2S., 


AlniostpxMuslvplygramposlllVP;  good 
Itiariy  lorgi*  cuctal  bodli>s;  wty  many 
m<-dluin-sl»Kl    dlpkuw'l;  boi'llli    of 

prrdomlnaiiu';  a  Ii'w  bullll  ol  a<To-  . 
gim^.^  typ'';  a  iev  iargrr  bacilli,  aonu-- 
what  oval,  wlUi  occaaUmal  central 


shuTh't  than  oeroei'nrs. 
Positive  fl..|d:  Ut-diuin- 
aluil  dlplwwi'i  art'  In 
minority;     inn)oriIy 

"norpliology       and 

j     sllglnly  iiirvPd   and 

a  f>'W  hai'im.o[aen>^ 
gi'm^s  niorphology  or 
shurtTlhHD  tytilral. 
.  Poslllvf  ni-M:  Hiillum- 
ilicddljUotwrlmui'li 
In  |ir.-domtnBiicp; 
some  rathiT  atoiit  bn- 
(-1111  dI  [tlHiu  1  avrogeoRS 
morphology  .lull  vory- 

I'ally  all  am  modluni- 
sJEPd dlplococi'i;  aftw 
siatill.tU'ilUuIvarvluK 
iBiiBlhs.  sonw  apiiros- 


I'ery  Cow  ni>gatlTa  ot  colon 
lype.  Fosltlw:  M^or- 
Ity  aro  badlll  of  colon 
morpliologv;  good  mm  j 

morphology;  »oiiir;  '  mo- 
dlum-slifd  dlploiwd. 
luodicanyiH^tlveiTbaae 
are  ol  colon  typo:  Some 
slightly  loDgpr  and  xime 
much  longer,  even  to 
fonunilon  ol  threads, 
foslltvi':  A  U-w  long 
threads;  some  liarllil  of 


longir;  somi'olihe  taller 
staining  and  hcadlets; 
slud   dlploraccl;  few   of 


Msltlvondd.  DaclUlorco- 
lon  inorpltuloey  or  slight- 
ly longer  and  more  alca- 
dw  hi  priidomlnanco; 
some  of^the  Slender  ba- 
cUli  show  trr^ularlly  hi 


few  slendwIucUll  wilt 
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RetulU  0/ Qram-ttain  ietU  on /«(«(— Continued. 
SUBJECT  V  (A.  M.  N.)-Coatlnued. 


Oma  sUlD  dlrecl. 


Few  nogaUvfl  bsdlll  of  <^on  type.  Pos- 


show  Lni«ulnrity  ol  staJnlag;  fpw  bii- 
clUl  o(  artoeenea  lypo;  «■  fewliree  ovsl 

Few  neratlTo,    Those  nra  or  coIod  tvpo 
orslichlly  loDfin',  and  a  fi'w  loDf,  su'n- 


meiJlLiiii  slied  diplnraocl;  good  many 
badlUolcolonmorphoioKy,  or  slightly 
longer,  but  morr  slrnJcr  than  colon: 
ume  of  colon  morpholOKV,  anil  some 
illKlitly  kini^r  than  these:  sotiw 
t_.Mij  .. smorrrtiuloiry.some 


PosItlTe  flrtd:  Almoat 
eifhulTPly  medlara- 
slicd  dlplorwvl;  altiv 


Like    last    dMcrlpC; 


Like  last  fuU  dieiTlplloD . 


PooltlTDfleld.    PlclureUks 


"X- 


maiortty  are  medium 
jlii-d  dlplofoocl;  good 
matiy  bsrllll  ol  colOD 
morphology:  good  many 
of    culgn    morpholoxy, 


Posllli 


yi^.. 


:   otSF 


■ilied'dTpioHwcl; 
(KKKl  many  of  poion  type 
and  some  slightly  lonRpr: 
niajurlty  arc  largf  liarllll 

of  irrogini'S  Iniglh  aod 

k-al  ■ppeareom,  mosl^ 


nih^K'imt  a  Wv  In  c 

PoslUve  Held:  Good  many 

good  many  o(  i-okin  mot- 
pholc«y:  (jood  many 
Elmlhir  1o  [-olon  hut  mole 

bB^mio*! 


bacllU  ot  aero; 


englh,  a 


lofiw 
morpnon^y,  um  morp  slendiT. 
Oct.    22     Lllie  lost  smear,  plus  a  few  (ref  s[ 


t.Ike  last  srdlment, 


Oct.    2e  '  Llkelansmear^lusafeWT^ry lone> 


and   do ."ifnlorliy  ai 


Good  many  nKrative  of  Colo 
slightly  longer  than  rolon 
predomlnale:  good  man 
slml  dlplococd:  a  tew  h 
bodies;  good  many  had  II 
morpboioity;  a  few  baelil 
mothbology,  but  longer:  i 
bacilli  ol  colaa  morj'holog} 
■Imdn'  and  longer:  a  tp< 
diow  Irregular  granular  gti 

.'Ifndrr  than  aerogenes. 
Free  spores:  here  and  thf 
long,    Ihlrl;    bselllus    of 


do 

of  colon 

itng^  few 

^caslonal 

unknown 

phc 


ho^ogj-^. 


PosJilvei 


central  spores  like  sub- 

Coud  many  negative  hacitU 

Poiillve;  MaioSty  are 
l™-llli  of  rolon  mor- 
iiliology:     some  similar 
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BOBJECr  VI  (C.  H.  8.). 


Oram  sUln  dlnct. 


Oram  Wata  ol  gluoou         Oram  msId  of  bi 
tube  Kdlmeat.  tube  ndlmei 


Neiraavo  predoralMl*.  ThBSB  i 
coJua  Ivpe  and  lancer,  and  a 
mimj  loDi:  slender  borlllt.  P» 
Some  laree  coccbI  bodlps;  nia 
aie  medium  !l>«d  dlplococcl;  k 
mloa   morphDlogy;  many    hoc: 


itPSf" 


lenBlh  Hi 


ihology;  c 


r.°ai 


stud  dlplocoeci:  majorlt)-  a(  badlll 
are  ol  colon  morpholoKy.  but  longer: 
Bome  ol  Mion  mDrphalon';  t;ood 
many  itout  haoUIL  varying  [nun  colon 
lengUi  to  aerogenes  morpbolagy. 
OramposillioandnogaUveaboutoqiial. 
Negative  are  of  colon  tfpe  or  slightly 
longer.  Positive:  A  tow  large  coccal 
bodies;  many  medliim-MHd  diplo- 
cood!  majority  are  baelill  o(  colon 
moiphology  or  slightly  loDger:  K«od 
many  stout  bacilli  al  aerogenps  type, 
but  varying  mucli   In   lenjtb   (rom 

Positive  and  negative  shout  pqual. 
Ne(!allvo  are  o(  colon  type  or  slightly 
longer,  and  a  Iew  slout  bacilli  like 
■o  morphology.  Positive 
Ike  those  dntrlbed    on 


thick  badlll  varying 
troiQ  colon  length  to  . 
morphology  ol 
genes;  maloril; 
ttieu  are  ol  medium 
length:  here  and  there 

tills  morphology:  s. 


'  to  about  aarogeuea  morpiiido^. 


a; 


Some  large 


.    Tbesp  ol  colon 
g  slender  bacilli. 


Some  lar^  coccal  b 


ItiveMnlnefmllvahoutpqiial.  Positive  Md:  Medli 
e  organisms  as  In  day  Iwrnrv  sIejkI  dlplocoeci  In 
Positive  organisms  as  on  ■ilA:        noriCy:  [hick  liacll 


!iam  nogatlva  tew.  Tb(«e 
of  eolDD  type.  Positive: 
A  tew  medium  alied  dlp- 
lococd;  lome  badlU  of 
colon  morphdogy;  good 
many  badlll  of  subllUi 
type  with  central  spore; 
many  badlU  ol  aerogeDea 


PMltlve  Held:  Uijarlty  are 


-Biifd    dlptococd; 


positive  Held:  Uajoiityan 
rather  slender,  long  ba- 
cilli; some  Dl  Ihese  nave 
bulbous  extremity,  an) 

Aporc:  in  places.  Iheoe 
badlU    look    much    llks 

dill  of  colon  morphology 
and  some  slightly  longer; 
a  lew  madlum-dt«d  dip- 
Posit  iTe'llel<l:  Ifaiontyaie 
rather  slender,  long  ba- 
dlll; some  have  lennlna 
spores:  good  many  ba 
dill  of  colon  morphology 

many  Tncdlum-slEed  dip- 


ng  from  colon  length  to 
lum  length;   here   and 


th  terminal  o\'al  or 


Po«ltU-e  field:  Malorlty  ana 
rather  thicit  badUl  \'ary- 
Ing  Irom  oolon  length  to 
Borogenes.  mostly  of  me- 
dium length;  very  lew 
frm  spores;  a  lew  alender 
bacilli  with  terminal 
spore:  a  few  of  colon 
morphology;  some  me- 
dlum-alaed  diplocood;  ■ 
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SUBJECT  VI  (C.  H.  S.)— Continued. 
D>tp.    I  Gram  slain  dirwl. 


July  »     llttimnkethstoliSlhandafllh.. 


slender;  a  lew  bacilli otaeioeeiKa 


ntlTe.    These  are  of  ccricm  type 
E»  kiDger.    I'osllive;  Some  large 

... ^  bodln;  good  many  medlum- 

slnd  dlploooECl;  uuOoiltf  are  (lender 

1 — 1111  I gj.  tii^  oolon  ntorpboloKy. 

''it  an  sll^tl;  curved;  a 


isltlre  field:  Two 
rtnda  of  OKsnlsms: 
lood  and  thick  baoUJl 
a  on  ZStb  and  2«h; 


I-osltIre  field:  M^orlt; 


.:  Majorl 
i-«lieddl 


lonnr  thu 
Dl  wUcb  ai 


picture  ben  u  on  Aug.  S.  except  mcne 
dlplooood  and  iewer  otthoae  draciibed 
ta  Dl  coloD  type,  but  looger. 


PoBltlve  field,  a 


Fev  Duatlve  of  cokm  type.  Poaltlve:  . 
Some  large  ODOo^  bodies;  good  many 
medlUDi-iInd  dlplococcl;  malaniy  an> 
■iMidFr  bacilli,  limger  tban  oulon :  good 
nan*  of  colon  morpbolagy.  XHne  of 
— "■'  -IB  lUghtly  carved;  very  many 
''111  9{>pn)i1niaUiig  aorogenes; 


Aug.  It.     Vev  Gram  necatlvt 

bodlFs:    nianv  r 
cocel;  good 


il  colon  typo 
large  ooonl 
I,  ..»u.ui...«lied  dlplo- 
many  slender  bacUlf  of 
or  longer,  some  sHchtly 
r  stout  bacilli  with  oen- 
Ipw  free  (pores;  few  of 
irphology. 

Aug.  in  I  Few  Oram  negatlvr,  these  of  colon  type 

or  slightly  longBr.     Poilllva:  Orrao- 

<      isms  are  like  those  ol  last  eianilna- 

I      Hon.  except  thai  the  madlum-sted 

I     dlploooccl  aro  In  pmlominaucc. 


Description  of  Held  cqlncldrs  w  llh  that 


fodtlve  fleld;  Cwci  of 
nedlum  slio  In  dip- 
iDcoccua  farm  and  lane 
stout  bKlIU,  some  of 
aerogenea  morphol- 
ogy, ottaen  ghorter  or 
longtTlD  about  equal 

Positive  Aeld:  Uatorlty 
are  medluutslied  dip- 
tococd;  few  baclUl  of 
colon  morphology ;  lew 
stout  bacDIl.  sontc  of 
Bfrogenes  morphol- 
ogy, otbrrs  shorter  or 

Fosftlve  Oald:  Uaiorlty 
an)  inedlum-sliecl  dlp- 

locood ,  ■  fe  w  In  cbalni; 


PosUfve  fleld:  Majorlly  are 
stout  bacilli;  some  of 
acrogenca  morphology, 
othen  shorter;  beie  and 
there  some  of  these  have 
central  spores;  fe»  slen- 
der bacilli  of  medium 
lengtb  with  ternilnsl 
tpraei  soma  medlum- 
Aed  dlphMood;  lew  lia- 
"".  of  colOD  typi';  some 
. .  —biilis  type, 

PDSicive  and  negative 
mixed.  Few  negative. 
These  are  very  long  slen- 
der bBolIU  which  an  de- 
colorlied  In  places  In  the 
fleld  and  not  In  others. 
Positive:  Uaiontr  we 
thick  bacilli,  someof  aero- 
genes  morphology. 
others  of  medium  length 
or  Bbort;  a  tew  medium- 
ilisd  dlplooocd, 

FoslClve  field:  tl 


:  Majorlly - 

of    colon    morpbolog 

'"1  In  ohalns 


logy;  ■ 


PoeitlTe  fleld:  Oood  many 
bacOU  of  colon  nwrpbol- 
ogy;  many  baoOll  of  otioo 
mot^Mlocy.  but  longer: 
many  latbar  kmg  and 
thick  shute  bacilli,  aoma 
with  Genual  spolM;  good 


good  many  baoilU  ofacro- 
gEuea  minphiriacy.  and 
olhan  of  same  dlunrtH, 
but  of  medium  length  or 


ogy;    good 
spores;    good 


many    of 
rpnologT, 


Positive  field:  Uany  bacilli 
of  cotoQ  morphology; 
some  nther  long,  slender 
bscUll,  a  few  of  which 
have  lenntaul  spores; 
somo  bacilli  of  aerogeues 
morphology-  some  bacilli 
of  morpholiwy  of  tiscU- 
lus  subtllls;  a  few  me- 
dium-sited dlplooocd. 

Positive  field  (very  poor 
slide]:  Ualudty  aro  me- 
dium-sited diplooocd: 
some  ralh«-  short,  thick 


ovGoQi^lc 
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SUBJECT  VI  (C.  H.  S.)— Continued. 


Oram  italn  dlnct. 


i  QnunpoaltlTeiiTedonunau.   NmbUtp 
—  -•  —'on  typt,    PoalHvB;  WHne 
ll  bwOea: 


KKUea;  nod  n 

piocooci:  mod 


largo  oocoal  b    . 

At —  .i„j  ji.i :^,  f^gu^  nanj 

aonuwhu  kmeBrrgoDOinany  nitbi 
thick  baclUI  ^i-ariom  (eogtb.  mm 
-■  ■  jmesmorptiDlDgy.bcit  moce< 
0  Irnnth  or  short;  here  an 


'  Drscilptloii  or  Held  exacti}'  ]lk«  It 


lube  Mdlment. 


PMlUvt  aOA:  AlmoM 
rxcliiBlrElT  medluoi-  ' 
Bl»d    dfploooccl:    TV- 

Ihick  bacilli,  vaning  ' 
Irom   about   medlinn  i 

leiiKUiUlDngthreads,  | 

TOTT  lew  of  aeroj 

Tjiorphology, 


'  Flora  hare  like  lite  laM  descilpllan.  ft-  I 
copt  that  there  are  mon?  diplocorcl 
and  Eenvr  ot  thoae  baclUl  (hat  an> 
stout  and  ol  various  l?nt;ttis,  I 


Uke  fo^I  eiamlnatlon,  e'li 
there  are  fever  dlplcHsccl,  b 
good  many,  and  that  there 
of  thooe  bacilli  that  are  stoi 
various  lengths. 


I  Flora  like  lajt  eiamlna- 

I  Flora  lilte  last  desorip- 
I  oanV  of  the  <flplaoaccl 


n  positive  predoni 
I  oicolon  typH  and 


PoslUve  field;  U^oiity 


.-     ::  Some  large 

ooocal  bodies:  good  many  medium-  ' 
slied  dlplooood;  good  many  bacilli  of  | 
colon  morplMdoey  and  many  some-  , 
what  hxigcr;  good  many  IncUU  ot  , 
about  aerotiones  morphology,  othnis 


;  Usioiit 

L-elteddl] 


Uke  these,  but 

bacilllol  siiln 

long    slmdet    ttireads; 


I  Positive   predominate. 


out 


i  looiee: 


aerogenea  mofphology-othen  of  me- 
dium length  or  short;  a  W  Ireesporea. 

Positive  predominate.  Negative  ol 
oolon  type.  PodtlTe:  Uatority  are 
sloider  baoUll  of  coIod  type  or  Icniger: 
a  lew  large  coccal  bodies;  sotne  medt- 
um^lied  diploooed;  lBwofaennn»» 
type:  K>me  short  thick  badlil  ol  im- 
eertain  morphology:  alew  spore  hold- 
"^    ^"^'--InmOTpboloej-: 


thick  badlil.  mostly 
al>oul  aerogenps  mor- 
phology, Dtneis  very 
long,  medium  tenna 
or  stion;  a  single  bee 


Like  last  examination.. 


positive  and  Degatlve  ba- 
dlil predominate  hi  Ote 
Held;  good  many  ratlvr 
stout  lucllll,  varying 
from  short  length  to 
about  aerc^eiies  mondMil- 
ogy ;  good  many  msdlum- 
sisM  diplocoecl;  arane  ha- 
cOII  ofciilaa  morphtdogy. 
Positive  aeld:  Some  bi^Ul 
of  cc^on  moTpfaokKy; 
a  lew  medluiD-sued  cUp- 

of  colon  type;  few  me- 
dlum-alieff  dlplocooH;  a 
lewot  aerogenes  type;  a 
few  badlil  m  cbstnswith 
central  spores  ol  lubtlUs 
morpbology ;  majority  are 
long,  rather  lender  bo- 
cOU  and  some  long  den- 
derthresds. 
A  few  oegaUve  badlU  of 
cohm  type.  Positive: 
llaiorlty  are  rether  long, 
slander  haclUI;  some 
rather  long  slender 
threads;  good  many  of 
coloo  morpholoiT;  soini> 
baclUl  o(  subtlll&  type. 

very    long   amative 
thiesd-Oke  bacUU.    Pssi- 

dl[dacoecl:  good  many 
bacilli  of  aerogenes  mor- 

phology  or  shorter,  Bome 
ot  the  buter  with  central 
■Qores;  no  chiiT».  •  fao. 
ither  long   s 


PoilllTe  predominate. 
Very  few  DBgatlre  of  a 
morphology  like  od<m. 


sized  dlplocood:  nod 
many  stoat  bacllli  or 
aai^enes  moipbokiRy. 
othei?  shorter. 
Positive  and  oeiiatlve 
about    equal.    NegaavB 

_    ilaidw  bac- 

very  hmg  badlil  like 
those  above;  good  many 
bacUU  of  about  aecoemes 


Few 


many  long  si 


nKcphokvy:  b 
type:  good  mi 


ovGoo<^lc 
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SUBJECT  Vt  (C.  H.  e.)— Contmued 


IrampodtlvepredomliiBte.  Nemtlvp 
oFcolaDtype.  PosltlTe;  U^orttvue 
alaiid«r  bacilli  otDOlOQ  type  or  ■UghU)' 


Pnctkally  Onm  poBlltTe  flsld;  a  lew 
Inn  dlplcKaDcal  bodies:  good  many 
niKl]um4lied  dlplococd;  good  many 
bullll  of  colui  morpbotoiTi  it°<><l 
jtaxn  bKcUU  loDggi  tlivi  coIod,  some 
of  Whlcb  an  aHihtly  curved;  good 
muij  stoat  badul  vtrylng  In  ICDtitti 
fmm  abort  to  about  aoogeiws  mor- 
pbologr;  fcw  freespor«. 

Few  Onm  nsgtrtlTe  badlll.  Ttiese  of 
colontTpe.  Fo«ltlTe:  Alewlargecoo- 
cal  bodies:  good  maoy  medluiD.died 
dlplococd:  ■  tew  ralber  long  threadi: 
good  many  badlU  of  oi^oa  moipliol' 

—   — -■ longer  tbaa 

«  gUdilly 
t  badSu  of 


Faw  oegBti™  ote 

bowes:  good  many  medhim^lied  dlp- 
loincd;  good  many  bacUll  ol  ooIod 
morphology:  good  many  illgliUy 
longer  Uian  coIodi  some  olcolan  length 
but-more  slender  and  curved:  good 
muiy  bBcllll  ot  aeroeencs  type  and 
some  shorter  than  toese:  few  large 
thick  b«;lHl  wllb  oe— — •— 

Like  lut  dewrlptlDn. . 


id  alighlly 


i;  few 


Poeitlve  field;  Ptacll- 
cally  all  are  medlum- 
slied  dlplocoDcl;  a  few 
thick  bacilli  ol  varytng 
InDgtbs. 


UTt  m4H]li]in-4l»d 


Slp- 


Poamve  field:  Nearlv 
piue  culture  of  medl- 
UTu-4lfe<L  dlploooccl: 
few  stout  badlU  vary- 


Posltlve  field:  Pra 
cally  all  are  medli 
slied  dlplococd: 


morphology  p  others  or 
meiUuiD     KDgtb     or 

Like  kat^iscrlptlan. . . 


PoalUve  field:  Good  many 
bacilli  of  cakn  type; 
good  many  rather  thick 
bacilli  at  varlona  lengths. 


terminal  spore:  some  me- 

dlum^slied  dlplocopcL 

Poaltlve  field;  llftjorlty  an 


aeiDgenes  type: 
short  thick  badll 


ogy;  goodly  numbw  of 
hicllirionger  than  colon; 
lew  iiwdlum-slied  dlplo- 
cocd: a  lew  bacilli  with 
round  spoie  slmlbr  to 
letaous:  good  many  stout 
medium  length  spore 
holding  bacUll;  herv  and 
there  a  Iree  spore. 
Few  Oram  negative.  These 
ol  colon  typo.  Positive; 
Uajortly  are  bacilli  ol 
colon  morphology  or 
loDgn  than  ^IcaTcolon, 
some  ol  the  MAa  tWo- 
Ing  Irresiilarly  0am  posi- 
tive; a  lew  mealuin.slied 
dlplocood:  a  lew  raUter 
long  thick  badlll,  some  ol 
whfeh  bave  terminal 

Vwy  few  Oram  negative. 
Tht«B  ol  colon  type. 
Podtlve;  Hajoilty  are  ba- 
cUll of  colon  monihology 
or  slightly  longer,  some 
ot  the  latter  showing 
biegularlty  la  staining:  a 
lew  msdlum^lied  dlplo- 
cocd: aonw  rather  thick 
medium  length  badlll 
with  terminal  and  cen- 


Posltlvufl^d:  Good  many 
medlum-sfiwl  dlplococcl; 
good  many  ol  ootoo  mor- 
phology: good  many  like 
colon  UUt  slightly  loager 

ol  the  larger  ones  stain 
Irregularly  Gram  jiosl- 
Uve;  good  many  o(  aerog- 

than  Uii'se. 
Positive  Beld:  OiKidmany 
medium  -  slmd  dlplo- 
cocd: good  many  of  colon 
morphology;  few  long 
slendM'  bacUll,  ol  which 
part  have  [luminal 
spoies;  good  many  ba- 
dlll 01  aerogenes  thick. 
neas,  meetly  short:  a  lew 
spore-holding  single  ba- 
cilli reesmblEig  subtllls. 


SODIUM   BESZOATE  AND   THE   HEALTH  OF   MAN. 
Rtsulii  of  Gram-tlain  tettt  on /«re»— Co  niinued. 

8UDJBCT  VI  (C,  H.  8.)  -ContiDued. 
Oram  slain  direct  Orani  Btaln  of  ulucose    '      Onun  siai 


lew  npratlTe  bacUU  of  ookm  ^pe  md 
Hllgblly  longer  UiBD  colon.  Poaltlve: 
ffvr  \»ift  cooctd  bodies:  good  many 
_ — ji.._^  -'led  dlplocoif  I;  good  DUiny 


(BMtho  .  . 
let  tormneQaaloDgBlnidcr  bacillus;* 
few  of  aoonnes  morpbology;  some 
manalendeTtluuiHnigenei  andorme- 
dlunt  leottli  or  ahort,  a  kw  fnetpatte. 
Few  oecatlve  bacilli  ol  colon  typo,  and 
sllghlly  loOEer.    PosltlTe:  few  laifp 


dJplocDorl;  rood  moay  of  cdIod  mor- 
pbolacyi  a  (aw  oT  rabn  morphology 
tmt  Jf^tlv  Uiloker;  Kood  many  of 
colon  morphology,  but  longer,  a  hiir  of 
which  Bie  (llghllT  nirvnd;  aome  ba- 
cilli of  aefocniies  type;  some  <a  about 
aune  morpooloa  but  aborter:  ■  fcw 
hmg  thick  badUTwltli  wcaMo 
trafspaiBs;  a  taw  tne  iporce. 
NegatlTe  organlmu  In  abnnda 
In  minority^  These  an  of  ool 
ptiohwy  and  Bllgbtly  Imger.  ai 
twcUlT  long  aad  sEaciiifr  uii 
iplrals,    FoaltlTe:     ~ 


Oood  many  Oram  ne^UvB.  Theae  an 
of  rolixi  type,  aorae  aU^tly  kneer, 
and  heie  and  ui«n  a  very  loDg  atfoder 
baeUlua.  FosHlTe;  Few  large  coccsl 
bodke;  good  many  medlnm^lied 
dlplococdi  a  lew  of  colon  morphology, 
and  a  tew  lUihtly  longer  than  these; 
good  maoy  or  tolaa  morpludogy  bul 
allihtly  Iblckec  than  ccdon;  nme  ba- 
cUU  of  BerDgenea  motpbology  and  some 


thick  bacilli  oluDknowQ  Identity;  o 


cUII  dMcrlbad  aa 


PoslOVB  field,    equally 

clIuDMlaed  diplooood 
and  badlil  of  aerogenfls 


long  as  or  longer  than 


Poelttve  Qeld:  Practi- 
cally all  are  loedlum- 
alioadlplocDccI;  a  few 


diort  to  tety  joog. 


good  many  ba.- 

morphohigy;  good  many 
of  colon  morpbology  bul 
more  akmder;  maJorlly 
an  bacilli  ot  almost  ame- 
fnes  thlcknoa,  auwUy 
of  medium  Iraglh.  fpw 
shortandfewof  aerogencs 

Poalllve  field:  Attaw  mcdl- 
um-aliad  dlploeocd;  a 
tew  barllU  ofoalon  mac- 
ptaolog}-;  majority  are  bo- 
cim  moieAenifer  than 
aerogenea  and  mostly  of 
medJtun  length,  aoma 
abort,  otbarsloug;  hero 

atout  baclin;  aW  Ins 

Psw  negatlre  ol  eolon  mar- 

medium  •  iIem  tUplo- 
coocl;  good  many  bacdU 
of  colaa  morpholMy  bul 
longar;  a  tew  ofoolim 
morpholdcy.  Rcre  and 
there  baaQIl  In  cbalui  of 


oiaiinigt__. , — . — _  — 
iborter  than  aerogenos. 
PoaJUTo  field;  Good  many 
medlum-siied  dlplococcl 
a  few  bacilli  ol  colon  mor- 
pfaology;  ma)arlty  ol  or- 


MEDICAL  COHTBOI. 

Through  the  whole  of  the  four  months  the  men  on  the  squad  were 
kept  under  close  observation  by  Doctor  Buhlig,  who,  in  addition  to 
the  bacteriological  work  just  recorded,  made  certain  routine  clinical 
tests.  Once  a  month  a  tliorough  examination  of  each  subject  was 
made  by  Doctor  Buhlig  personally,  and  daily  clinical  obsei^ations 
were  carried  out  by  two  of  the  members  of  the  squad  on  themselves 
and  their  colleagues.  These  two  men  were  senior  medical  students, 
and  their  work  was  always  done  under  the  direction  of  Doctor  Buhlig. 

The  first  set  of  the  tables  following  contains  the  results  of  the 
monthly  examination.  The  daily  records  are  presented  next,  and 
taken  all  tt^ether  they  give  a  very  good  picture  of  the  general  con- 
dition of  the  men  throughout  the  four  months.  Comments  will  be 
made  later  on  the  results. 
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SUBJECT  IlH.  N'.  B.). 


(TiaraclMOf  pulac    Full,  iveulu. . 
RftfinUna 


AlKkHlMII.. 


.1  DIstlnrt    frantl- 

]  lui  ovpt  rigtoi 

I  SEHI.     othFr- 

j  -l»nPEUIv<-. 

.    .Vot  pBl[ttble. . . 

do 

,  N«EkUv»  (VMv 
dWenllloni- 
smlnp.  very 
.rigid  I. 


Aug.  3. 

a*TJts. 

Oct«. 

O...., 

N>1»«" 

Nf»ltlw 

of  M  pubnonlc 

NfRmUTP. 

Full,  i*gul»r. 

gill,regul«r.... 

fuil.i^iii.... 

FuU.  wpi 

Neg»UTe 

NegBtive. 

"KiK"-' 

Nf^tlTfl 

.   Throat  rad  but  . 


SUBJECT  il(l 


Heart N«gktiTe 

Putep 7! 

C'lmracterafpulii'   Full,  rpgulir.. 


.    Nmtiv 


AUI-  4. 

N-'OU™ 

Fuii/it-iiitai'::;; 

Oct.  7. 
N«(MlT, 

N»g»Uvf 

Full.  ngalK- 

Full.rfg»il«..- 

Not  palpat'ilr. 

.    ...do 

....do ' 

.-.do 1 

NefStlw. 
Full,  n«ul«r. 


jciOyGoQl^lc 
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SUBJECT 

Ill  (A.  a.). 

jD»a>. 

Aug.  3. 

Sept.  8. 

Oct  8. 

Oct  31. 

sr"^ 

NagaUv* 

NeeaUn 

NeeaUve 

ttr.':::: 

anxu,    rogulan 
Irr^ular      on 

standing. 

FuU,  regular... 

F^.r«i!i^..... 

Full,r<wilar 

FuU,  regulai. 

^= 

Biisk 

V  (0.  F.  L.>. 

Negative.- 

Easily  paipablB- 

Nolpalpabla... 

SsfaE 

ffls*  nemUv*. 
VcryacUvc 

July  a. 

Faint  STSloUc 
^To?h*7 

gas.-";: 

.-^..do 

otherjrts^ 
sameasJune 
30. 

-;;;;£;;;;;;;;: 

Throat  reddened 
only. 

'^^e^^,^- 

TE^d"*"- 

ssi 

Nowandlhroel. 

Reddened 

StVe'rVlaa 

negative. 

SUBJECT 

- 

Aug,  3,        1          Sept.  8. 
Faint  syatoUc     NsRatlre 

*5se  normal. 

o...«. 

Ort.«. 

H«rl 

Negative,     sx- 
iy  to  right. 

N      tlve 

i--nr- 

Full,  regular. . . 

Full,  regular.. 
M.3 

Full,  regular.... 

Fu]l,n«olar.... 

FuU,  nignlar. 

Bligbt'  dulioesg 

Sp"i;'ft^l- 

X-     otiiw 

St^W^ti": 

Easily  piapable 

do 

wtsenegatlvB. 

Normal 

over  right        breath  sounds 
ape>-roUBh.        orer  right 
enedbraalh-        apes:    occa- 
Ing  there:  no       !fonalralea(T): 

^'o»s  '  ^t 
dullness  and 

PalpaWe;  other- 
wise negaUve. 

SSI 

negaUve. 

under:  pertnis- 
alon  negatlvo, 
N-'^J^ve 

.'''.'.ao'.'.'.'.'.'.'..'.'. 

Throat  red  and 

[Jt3 

te^:::: 

Mdihroai 

Do. 

s:: 

IblUcles  on 

Normal 

,oB,Goo>^le 
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Manlhlj/  medUal  report — Continued. 

SUBJECT  V(A.M.  N.)- 


Jnljl.         ,       Aug.*. 

Sept.  8. 

76 

full.reeulsr 

wt.fl 

Oct.  e. 

Oct.  31. 

eiigbt    sysloUc  '  NegaUmM- 

ODd  pulmonlo. 

Fiiniriiiiito'.'.:: 

X.i 

pulmonic. 

iBf-- 

Full,  teftulsr Full,  r^ulw. . 

«e.« 88.2 

Full,  regular. 
S8,S. 

NegatlTe <  Native 

Ni^ve 1  Nebav. 

Negglv. 

B^Jjeo^, 

Lj^hnodo.... 

....do 

Dsle;  otbet-  1 
wl3s  negMlve. 
Normal Nomul 

N«™i 

SUBJECT  VI  (C.  H.  8.1. 

July  6.                  Aug.  3. 

S*p(.8. 
NegBllve 

oot.e. 

Negative 

Oct.  31. 

Heart 

NegkttvF NfgaUve.  tx- 

„ „»r':.""' 

Negaave. 

S£":::;:::; 

Smalt, rsinilu- .  ..i  Small, reguliv.i  Small, rffular. . . 

Small,  regular... 

8maU,re([ular. 

P^ablt; "  *  not     Not  pBlpioilo"; ' 

!!W?"*:::r.'"«.'-::::;; 

N«aU« 

NeratlTC 

SH^Srpalpa- 

^  ""o'tS;: 

wl»      negft- 

kS&r"::. 

::1::::; i 

Ne«»tlve;BUght. 

U  promlnrot. 
Tfiroal  rad- 

deoedi  otber- 

wlHDSgatlTe. 

::;::do:::::;::::; 

Throat    red- 

Nwe  and  Ihniat. 

othenrtsfneg- 
NMmal Noriiml 

■»■ 

,oB,Goo>^le 
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MEDICAL  BEPOBT. 

From  the  data  collected  by  Doctor  Buhlig  and  presented  in  the 
tables  just  given  certain  conclusions  may  be  drawn.  The  facts  are 
tabulated  at  considerable  length,  which  may  seem  unnecessary, 
but  it  has  been  our  aim  to  give  all  the  facts  observed  which  in  any 
way  lead  to  a  correct  judgment  as  to  the  condition  of  the  men  during 
the  period  of  the  investigation.  This  very  full  record  enables  us  to 
reach  the  following  conclusions: 

It  is  at  once  evident  that  no  marked  change  of  any  kind  has  taken 
place  in  the  men  during  the  season.  In  all  cases  but  one  there  has 
been  a  slight  gain  in  weight  over  that  at  the  beginning,  which  rela- 
tions are  shown  in  this  way,  in  kil<^Bnis : 


Hiililact  I  .'!ubjKt  '  Subtoct  '  SuUm(      8oh)tet  \  8ub^ 


For  Subject  No.  I  the  lowest  weight  was  reached  about  the  middle 
of  October,  at  the  time  when  he  was  undergoing  a  severe  mental 
strain.  For  the  other  men  the  minimum  weights  were  reached  in 
July  and  August,  during  a  time  of  extremely  hot  weather.  The 
benzoate  dosage  was  abo  the  lowest  at  this  time. 

PTTI.8B,  TBXPEBATITB^,  AMD  BBSPI&ATIOH. 

The  changes  here  are  in  general  slight,  without  systematic  varia- 
tions.    The  exceptions  are  these: 

No.  I  felt  unwell  on  August  25  to  27  from  what  appeared  to  be  an 
intestinal  intoxication.  His  temperature  went  up  to  101.8,  with 
corresponding  pulse  and  respiration.  He  suffered  from  headache 
and  lumbar  pains  at  the  same  time,  but  soon  recovered. 

No.  rV  showed  a  slightly  elevated  temperature  on  October  15, 
lasting  a  few  hours  after  the  evening  meal;  no  definite  symptoms. 

No.  V  occasionally  showed  a  temperature  as  high  as  99.6  in  the 
evening.  On  August  29  it  was  100.2,  but  this  was  taken  after  a  brisk 
handball  game. 

BOWEL  H0VBMENT8. 

In  general  the  movements  were  softer  toward  the  end  of  the  inves- 
tigation than  at  the  beginning.  This  was  especially  noticeable  with 
No,  II  and  No.  IV,  who  at  the  start  suffered  sometimes  from  con- 
stipation. An  occasional  case  of  diarrhea  was  reported  from  the 
squad,  but  .these  were  of  short  duration;  the  causes  were  usually 
unknown. 


D.qitizeaOyGoOl^lc 


560  SODIUH   BENZOATE  AKD  THE   H£AI.XH   OF   HAN. 

DAHiT  MBBIOAL  OOMDmOH. 

In  general  this  was  good  throi^iout  the  time  of  the  experiments. 

Attention  may  be  called  to  the  exceptioiu  recorded: 

Subject  No.  I  had  duties  connected  mainly  with  the  moif^oe  of  the 
school,  and  during  the  summer  was  obliged  to  handle  a  great  deal  of 
old  dissecting  material,  during  a  general  cleaning-up  prooees.  In  this 
he  was  exposed  to  frequent  extreme  changes  of  temperature,  which 
<loubtles8  caused  some  of  the  unpleasant  symptoms  complained  of 
and  recorded.  During  the  summer  he  had  much  trouble  with  his 
eyes,  and  at  the  time  of  an  examination  homatropine  was  instilled 
into  them.  This  had  been  done  also  on  a  former  examination,  and 
at  both  times  he  was  rendered  temporarily  unwell.  During  the  last 
part  of  the  period  of  observation  the  subject  labored  much  of  the 
time  under  a  severe  nervous  strain,  which  was  finally  discovered  to 
be  from  anxiety  on  account  of  the  condition  of  his  mother,  who  was 
ill  in  a  distant  State,  tiews  of  her  death  on  October  15  was  fol- 
lowed by  a  time  of  headaches  and  general  depression  on  the  part  of 
the  subject,  which  led  to  irregularities  in  appetite,  suggested  by 
some  of  the  tables  given. 

Notliing  unusual  was  noted  in  the  general  condition  of  Subjects  II 
and  III. 

For  No,  rV  the  condition  was  generally  good.  On  August  2  he 
had  a  vomiting  spell,  for  which  no  cause  could  be  discovered.  On 
several  occasions  he  complained  of  a  headache  which  seemed  to  be 
due  to  attempts  to  dispense  with  his  glasses. 

Nil.  V  had  been  in  generally  good  condition  during  the  summer. 
A  diarrhea  reported  on  July  19  seemed  to  be  due  to  watermelon. 

Xo.  VI  must  be  described  wi  in  excellent  condition  throughout 
the  season.  The  occasional  presence  of  a  Uttle  blood  brought  up 
with  phlegm  has  no  bearing  on  the  present  inquiry. 

aENEBAI.  FECES  AlTD  UBINB. 

These  conditions  have  already  been  commented  upon.  It  ia  evi- 
dent that  no  changes  were  noted  here  which  may  be  attributed  to 
the  preservative  employed. 

CBRTAIK  FUBTHSB  DATA. 

The  men  who  servetl  as  subjects  during  the  perio<l  of  four  months 
have  alt  been  under  my  observation  until  the  time  of  making  this 
report.  No  lil  effects  of  any  kind  have  been  noticed  in  any  case, 
anil  it  is  safe  to  say  that  they  are  now,  and  have  been  since  the  end 
of  the  experiments,  in  good  physical  condition.  On  December  22  a 
complete  medical  examination  was  made  by  Doctor  Buhlig,  which 
follows.  It  will  be  seen  that  the  results  of  this  suggest  c(mditions 
which  are  in  no  wise  abnormal. 
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During  the  progress  of  the  routine  observations  one  of  the  men  on 
the  squad,  doing  also  laboratory  work,  A.  M.  N.,  carried  out  occfr- 
sional  teats  on  the  urine  in  addition  to  those  regularly  reported. 
These  were  concerned  with  the  so-called  normal  reduction  of  the 
urine — that  is,  the  reducing  power  toward  very  sensitive  ammoniacal 
copper  solutions,  which  is  recognized  in  all  normal  luiDCs,  but  which 
is  too  slight  to  be  quantitatively  followed  with  the  Febling  solution. 
About  20  tests  were  made  on  the  urine  of  each  man,  beginning  with 
the  end  of  the  last  fore  period  and  ending  about  the  middle  of  the  last 
high-preservative  period.  Such  tests  form  a  part  of  the  routine  work 
in  my  laboratory,  and  it  is  interesting  to  note  that  the  results  here 
obtained  were  in  no  wise  different  from  those  recorded  from  the  nor^ 
mal  men.  While  the  reducing  power  varied  from  individual  to  indi- 
vidual, as  is  the  ordinary  condition,  there  were  no  systematic  varia^ 
tions  indicating  any  increase  or  decrease  in  this  factor  between  the 
b^inning  of  the  low  preservative  periods  and  the  end  of  the  high  pre- 
servative periods.  The  reducing  powers  were  all  within  the  limits 
accounted  for  by  the  creatinine,  uric  acid,  and  traces  of  carbohydrates 
or  carbohydrate  derivatives  always  present. 

A  further  point  must  be  recalled  here.  Two  men  who  had  been  on 
the  squad  followed  up  the  same  diet  under  the  same  general  conditions 
for  a  week  longer,  and  took  daily  increased  amounts  of  benzoate 
beginning  with  5  grams  and  ending  with  10  grams  on  the  last  day  of 
the  experiment.  At  the  same  time  a  third  man,  who  had  not  been 
on  the  squad,  but  was  a  member  of  the  laboratory  force,  had  assisted 
in  the  weighing  of  the  food,  had  followed  essentially  the  same  diet, 
and  lived  under  the  same  general  routine  as  the  squad  members,  began 
with  a  dose  of  5  grams  and  ended  with  7.5  grams.  Certain  tests  were 
made  on  the  urines  of  the  three  men;  these  were  for  uric  acid,  creati- 
nine, and  normal  reduction.  For  the  two  who  had  been  under  obser- 
vation before,  the  uric  acid  and  creatinine  were  found  to  be  unchanged 
from  the  former  normals.  A  trifling  increase  in  the  normal  reduction 
seemed  to  result  here,  but  not  sharp  enough  to  be  deflnitely  asserted. 
Nothing  abnormal  was  found  in  the  condition  of  the  urine  of  the  third 
man. 

The  facts  of  greatest  importance,  however,  are  these:  The  doses 
taken  by  the  three  men  were  relatively  large,  from  the  ordinary  stand- 
point, yet  no  disagreeable  effect  of  any  description  followed.  There 
was  no  loss  of  appetite,  no  nausea,  no  headaches,  and  no  intestinal 
disturbances  which  could  be  discerned.  The  men  spoke  of  themselves 
OS  feeling  perfectly  well.  It  is  true  that  much  larger  doses  have  been 
given  medicinally,  and  for  longer  periods,  without  recorded  ill  effects. 
From  the  size  of  medicinal  doses,  our  routine  doses  must  be  consid-^ 
ered  as  small,  although  very  large  as  viewed  from  the  point  of  use  in 
the  preservation  of  food. 
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In  the  preceding  pages  I  have  presented  various  kinds  of  data 
bearing  on  the  question  of  the  action  of  sodium  benzoate  on  the  human 
organism.  In  the  chemical  determinations  on  the  urine  and  feces  it 
was  not  found  that  any  change  in  the  normal  metabolism  followed ; 
there  was  no  alteration  in  the  distribution  of  the  nitrogen  of  the 
urinary  constituents,  and  no  decrease  in  the  utilization  of  the  protein 
or  fat  of  the  food.  I  am  unable  to  find  any  alterations  in  the  quali- 
tative composition  of  the  urine  as  shown  by  the  various  special  tests 
made. 

In  the  bacteriological  and  other  tests  carried  out  in  the  feces,  which 
were  extended  to  a  considerable  length,  no  essential  change  from  the 
beginning  of  the  fore  period  to  the  end  of  the  high  preservative  period 
was  discovered.  There  were  fluctuations,  hut  they  were  not  system- 
atic, and  varied  with  the  individuals  rather  than  with  the  dosage. 
It  is  fair  to  conclude  that  the  action  of~the  benzoate,  in  the  amounts 
used,  on  the  intestinal  activities  or  on  the  characteristic  flora  must 
be,  at  most,  extremely  slight. 

The  prolonged  clinical  observations  recorded  are  intended  to  show 
clearly  the  actual  conditions  of  the  men  from  day  to  day.  I  consider 
them  of  equal  importance  with  the  chemical  tests  made,  for  the  pur- 
pose of  this  inquiry.  But  one  conclusion  may  be  drawn  from  them, 
and  that  is  that  the  health  of  the  men  has  suffered  no  impairment 
through  the  use  of  the  benzoate  in  the  period  of  the  observations.  I 
believe,  further,  that  the  period  is  long  enough  to  show  change  were 
it  likely  to  occur. 

In  conclusion  it  must  be  said,  then,  that  the  experience  in  our  lab- 
oratory justifies  the  statement  that  the  moderate  addition  of  sodium 
benzoate  to  our  food,  up  to  at  least  1  gram  daUy,  does  not  give  rise 
to  any  abnormal  conditions  in  the  subject,  or  lead  to  any  changes  in 
metabolism  which  may  be  detected  with  the  means  at  our  conmiand. 

It  follows,  further,  from  the  same  observations,  that  such  addition 
of  benzoate  to  the  food  does  not  lower  its  value  by  robbing  it  of  any 
element,  by  diminishing  its  digestibility,  or  by  introducing  a  factor 
which  modifies  in  any  discoverable  way  the  normal  metabolism. 
The  quality  or  strength  of  the  food  is  not  lowered  or  injuriously  affected 
through  the  presence  of  the  preservative,  and  this  is  true  for  large 
quantities  as  well  as  for  small,  since  the  amounts  of  preservative  used 
in  our  experiments  must  all  be  considered  large  from  the  standpoint 
of  actual  use. 

CmoAoo,  Janvary  15, 1909. 
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THE  ACTION  OF  SODIDM  BENZOATE  ON  THE 
HUMAN  BODT. 


By  Dr.  Curibtian  A.  Hbbtbr. 


The  inTestigatioD  about  to  be  reported  is  one  of  three  carried  on 
by  the  United  States  referee  board  of  scientific  experts  irnder  a  request 
from  the  Secretary  of  Agriculture.  The  investigation  was  planned  by 
the  referee  board.  The  chemical  work  was  done  imder  the  peisonal 
direction  of  Dr.  Alfred  J.  Wakeman,  who  was  assisted  by  the  follow- 
ing persons:  Dr.  H.  D.  Dakiu,  Dr.  Helen  Baldwin,  Samuel  C.  Harrey, 
Dr.  A.  I.  Ringer,  Dr.  D.  R.  Lucas,  E.  N.  O'Brien,  P.  S.  Kober,  and 
M.  Fine.  The  bacteriolc^cal  work  on  the  feces  was  done  by  Dr. 
William  R:  Williams.  The  study  of  the  blood  and  the  gastric  contents 
wascarriedonbyDr.  J.  S.Thacher,  with  the  aid  of  Dr.  L.  R.  Williams, 
Dr.  A.  C.  Crump,  and  Miss  S.  Granat. 

Its  object,  Uke  that  of  the  other  investigations  by  the  referee  board, 
was  to  ascertain  the  influence  of  large  and  small  doses  of  sodium 
benzoate  on  the  human  organism. '  The  investigation  naturally 
involved  the  consideration  of  a  variety  of  physiological  processes. 
In  the  present  report  these  observations  will  be  classed  irnder  the 
following  heads: 

I.  General  medical  notes, 
n.  Analytical  data  relating  to  the  urine  and  the  feces. 
in.  Fats  and  fat  balance. 
IV.  General  urinary  examination. 
Y.  Special  urinary  examination  for -benzoic  acid. . 
YI.  Special  chemical  examination  of  the  feces. 
Vn.  Bacteriological  examination  of  the  feces. 
VIII.  Caloric  values  of  the  foodstuffs. 
IX.  Special  clinical  data. 
%.  Summary  of  conclusions  from  each  case. 
XI.  Summary  of  conclusions  from  the  entire  group   (four 

cases). 
XII.  Methods  of  analysis  and  examinations. 
It  has  been  considered  beat  to  present  the  numerous  results  involved 
in  this  investigation  according  to  the  findings  obtained  in  each  experi- 
mental  subject.     In   the   present   investigation   four  subjects  were 
employed.    It  was  deemed  advisable  to  consider  the  results  in  each 


D.qitizeaOyGoOl^lc 


568  SODIUM   BENZOATE  AND   THE   HEALTH   OF   MAN. 

case  under  four  distinct  divisions  corresponding  to  the  various 
periods  of  the  experiment,  namelj,  (1)  the  fore  period,  (2)  the  low 
"benzohte  period,  (3)  the  high  benzoate  period,  and  (4)  the  after 
period.  The  conclusions  from  the  data  relating  to  each  case  are 
separately  stated  and  from  these  conclusions  from  the  individual 
cases  are  derived  the  conclusions  applicable  to  the  entire  group. 

CASE  IK. 
aENBKAI.  UBDICAL  NOTES. 

The  subject  of  this  experiment  was  a  physician  25  years  of  ^e  and 
in  good  health,  though  somewhat  undernourished.  During  previous 
summers  he  had  shown  a  slight  tendency  toward  loss  of  weight,  with- 
out any  accompanying  disorders  of  digestion.  During  the  expert 
iment  with  which  we  are  here  concerned  he  led  an  absolutely  regular 
and  normal  Ufe.  He  had  about  seven  hours  of  sleep  out  of  the 
twenty-four,  took  exercise  daily  for  one  or  two  hours  (walking)  and 
on  Sundays  played  tennis  for  about  two  hours  in  the  morning.  He 
took  a  daily  morning  bath  at  a  temperature  of  20°  to  25°  C. 

The  course  of  the  benzoate  experiment  was  eventless  in  this  case 
so  far  as  any  symptoms  of  deranged  function  are  concerned.  The 
subject  remained  well  throughout  the  entire  period  of  the  experi- 
ment.    There  was  no  disorder  of  digestion,  nor  of  nervous  function. 

The  daily  dose  of  sodium  benzoate  was  0.3  gram  during  the  low 
benzoate  period.  During  the  high  benzoate  period  it  ranged  from 
0.6  gram  to  6  grams  per  day. 

ANAIiYTIOAL  DATA   RBLATlXa  TO   THE   XTKtSfS  AND  THE  FECES. 

Considering  first  the  facts  relating  to  the  urine  and  to  the  feces,  we 
may  arrange  these  facts  in  their  relation  to  the  following  subjects: 
Volume  of  the  urine;  specific  gravity;  total  nitrogen;  nitrogen 
balance;  nitrogen  of  urea;  nitrogen  of  ammonia;  purin  nitrogen; 
uric  acid  nitrogen;  creatinin  nitrogen ;  hippuric  acid  nitrogen;  imde- 
termined  nitrogen;  total  sulphur;  inoi^anic  sulphur;  ethereal  sul- 
phur; neutral  sulphur;  phosphorus;  indican;  indolacetic  acid; 
aromatic  oxyacids;  chlorine;  reaction  of  the  urine.  In  the  present 
connection  we  may  consider  also  the  following  facts  in  r^ard  to  the 
feces:  Weight  of  fresh  feces;  weight  of  dried  feces;  water;  total 
nitrogen;  ethereal  extract. 

THE  mtiNB. 


The  volume  of  the  urine  (Series  A,  I  R)  varied  between  500  c.  c.  and 
1,960  c.  c.  daily.  The  variations  in  volume  were  irregular  throughout 
the  periods  of  lat^e  and  small  dosage  and  can  not  be  r^arded  as  hav- 
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ing  any  significance  in  relation  to  the  present  question,  aince  varia- 
tions in  temperature,  moisture,  conditions  of  bodil;^  activity,  etc.,  are 
sufScient  to  account  for  the  differences  noted,  all  of  which  must  he 
r^arded  as  being  well  within  the  normal  limits. 


The  specific  gravity  of  the  urine  (Series  A,  I  R)  varied  from  1.017 
to  1.035.  Like  the  volume  of  the  urine,  the  specific  gravity  can  not 
be  considered  to  possess  any  significance  in  relation  to  the  present 
investigation,  since  the  values  obtained  all  lie  within  the  limits 
observed  for  normal  persons.  The  average  high  specific  gravity  is 
doubtless  to  be  referred  in  part  to  the  influence  of  the  warm  weather 
durii^  fdlidi  a  considerable  part  of  the  investigation  was  carried  on. 


The  total  nitrogen  was  in  general  not  determined  daily,  but  the 
figures  in  the  table  represent  the  averages  of  groups  of  two  or  three 
days.  In  some  instances  the  total  nitrogen  was  determined  daily. 
Reference  to  the  complete  analytical  charts  (Series  A,  I  R,  sub- 
periods  1  to  18,  inclusive)  will  show  these  details. 

The  observations  on  the  urines  are  conveniently  grouped  under  the 
.  various  periods  of  the  experiment,  namely,  the  "fore  period,"  the 
"low  benzoate  period,"  the  "high  benzoate  period,"  and  the  "after 
period."  In  the  interest  of  clearness  and  brevity  the  averages  for 
these  periods  have  been  calculated  and  tabulated.  Such  comments 
on  the  tables  as  seem  desirable  are  confined  to  the  aver^es.  (See 
Series  B,  showing  actual  values,  and  Series  D,  showing  averages 
of  percentt^es.)  This  holds  true  not  only  of  total  nitrogen,  but  also 
of  all  other  analytical  observations. 

In  Case  I  B.  (see  Series  B,  I  R)  the  average  daily  excretion  of  total 
nitrogen  for  the  fore  period  was  9.64  grams;  for  the  low  benzoate 
period,  10.9  grams ;  for  the  high  benzoate  period,  12.8  grams,  and  for 
the  after  period,  12.3  grams.  This  slight  rise  in  the  high  benzoate 
period  and  in  the  after  period  corresponds  to  an  increase  in  the  intake 
of  nitrogenous  food.  (See  Series  F,  I  R.)  It  is  desirable  to  note 
this  rise  in  the  nitrogen  output,  inasmuch  as  there  is  a  correspond- 
ing rise  in  other  constituents  of  the  urine  dependent  on  protein 
metabolism,  namely,  sulphuric  and  phosphoric  acids, 

NITROGBN    BALAKCB. 

The  data  relating  to  the  nitrogen  balance  are  given  in  a  special 
table  (Series  F,  I  R),  to  which  the  reader  is  referred  for  details. 
Only  the  average  daily  nitrogen  balance  for  the  four  different  periods 
of  the  experiment  need  be  considered  here.  The  averse  daily 
nitrogen  balance  for  the  fore  period  was  positive  (i.  e.,  the  intake 
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exceeded  the  output)  aad  equated  2.85  grams,  for  the  low  benzoate 
period  it  was  positive  and  equaled  1.03  grams,  for  the  high  ben- 
zoate period  it  was  positive  and  equaled  1.06  grams,  and  for  the 
after  period  it  was  positive  and  equaled  0.76  gram.  Thwe  is  thus 
for  each  period  a  small  positive  balance. 

It  may  be  further  noted  that  the  average  daily  intake  of  nitro- 
gen in  the  food  varied  within  very  narrow  limits  for  the  different 
periods  as  follows : 

Fore  period 14,36 

Low  benzoate  period 13. 6 

High  benzoate  period 16.04 

After  period 14.  SS 

There  ia  no  evidence,  from  any  data  given  in  this  table,  that  there 
was  any  disturbance  in  nitrogenous  metabolism  during  any  of  the 
periods  of  this  experiment. 

lOntOOEN   OF  DREA. 

An  inspection  of  the  figures  contained  in  the  column  giving  the 
actual  daily  excretion  of  urea  clearly  shows  that  these  values  all  lie 
well  within  the  limits  recognized  as  characteristic  of  normal  condi- 
tions. Moreover,  there  are  no  abnormal  or  wide  variations  in  the 
relation  of  urea  nitrogen  to  the  total  nitrogen  for  the  different  periods. 
The  average  nitrogen  of  urea  for  the  fore  period  is  83.5  per  cent  of 
the  total  nitrogen  (see  Series  D,  I  K) ;  the  average  nitrogen  of  urea 
for  the  e^ht  subperiods  constituting  the  period  of  low  benzoate 
dosage  is  82.1  per  cent  of  the  total  nitrogen.  During  the  period 
of  high  benzoate  dosage,  taken  as  a  whole,  we  have  an  average 
excretion  of  nitrogen  of  urea  amounting  to  84.4  per  cent  of  the  total 
nitrogen.  For  the  after  period  the  averse  excretion  of  urea  nitrogen 
amounts  to  84.5  per  cent  of  the  total  nitrogen.  The  slightly  higher 
averages  observed  for  the  period  of  large  benzoate  dosage  and  the 
after  period  as  compared  with  the  earUer  periods  is  so  small  as  to 
lack  significance. 

NrntoaBN  or  ammokul. 

A  study  of  the  anunonia  of  the  urine  is  especially  facilitated  by  the 
examination  of  the  table  relating  to  percentages.  (Series  D,  I  R.) 
The  figures  for  the  absolute  amoimts,  unless  extremely  high  or  eot- 
tremely  low,  lack  meaning.  The  average  nitrogen  of  ammonia  for 
the  fore  period  is  seen  to  be  4.1  per  cent  of  the  total  nitrogen;  for  the 
low  benzoate  period,  4  per  cent;  for  the  high  benzoate  period,  3.9 
per  cent;  and  for  the  after  period,  3.6  per  cent.  These  percentages 
all  vary  within  the  limits  observed  in  nonnal  persons  on  ordinary 
mixed  diet. 
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Slight  TariatioQB  obserred  from  day  to  day  may  be  interpreted  aa 
the  result  of  a  slight  difference  in  diet.  It  is  known  that  the  \ise  of  a 
meat  diet  tends  to  increase  the  percentage  of  nitrogen  of  ammonia  in 
the  urine.  Hiere  is  no  indication,  however,  of  an  increase  in  the 
percentage  of  nitrc^n  of  ammonia  during  either  the  low  or  the  high 
benzoate  periods.  The  iigurea  showing  the  average  daily  amounts  of 
nitrc^en  of  ammonia  excreted  during  the  various  periods  of  the  ex- 
periment are  as  follows  (Series  B,  I  R):  For  the  fore  period,  0.40 
gram;  for  the  low  benzoate  period,  0.44  gram;  for  the  high  benzoate 
period,  0.50  gram;  for  the  after  period,  0.45  gram. 

TOTAL   PDBIH    KITBOOBN. 

What  has  been  said  of  the  nitrogen  of  ammonia  applies  equally  to 
the  puiin  bases.  A  study  of  the  percentages,  like  a  study  of  the 
absolute  amount  of  nitrogen  included  under  purin  nitrogen,  fails  to 
show  any  significant  changes  either  for  the  low  or  the  high  benzoate 
periods.  The  averages  of  purin  nitrogen  for  the  different  periods  are 
as  follows  (Series  D,  I  R):  Fore  period,  1.9  per  cent  of  the  total 
nitrogen;  low  benzoate  period,  1.9  per  cent;  high  benzoate  period, 
1 .8  per  cent;  after  period,  2  per  cent.  These  figures  may  be  r^arded 
as  expressing  a  close  uniformity  in  the  excretion  of  purin  nitrogen  for 
the  different  periods.  The  suhperiods  also  show  only  small  vari- 
ations. 


The  uric  acid,  Uke  the  ammonia  and  purin  bases,  can  be  most 
advant^eously  studied  in  its  percentage  relations.  (Series  D,  I  R.) 
It  is  seen  that  the  average  nitrogen  of  uric  acid  in  the  four  different 
periods  of  the  experiment  bears  exactly  the  same  relation  to  the  total 
nitrogen.  The  average  percentage  of  the  total  nitrogen  for  each 
period  is  1.6.  The  variations  for  the  subperiods  are  small.  There  ia 
a  slight  absolute  rise  in  the  uric  acid  of  the  low  and  the  high  benzoate 
periods.  (Series  B,  I  R.)  We  may  conclude  that  the  use  of  sodium 
benzoate  has  been  without  discernible  effect  on  the  uric  acid  excre- 
tion. 

NITBOOKN    C 


An  inspection  of  the  column  devoted  to  creatinin  nitrogen  in  the 
table  of  percentages  (Series  D,  I  R)  indicates  only  slight  variations  in 
the  average  percentages  at  the  different  periods.  This  is  likewise 
true  of  the  results  giving  the  total  amount  of  nitrogen  of  creatinin. 
(Series  B,  I  R.)  There  is,  however,  a  slight  rise  in  the  daily  average 
of  creatinin  for  the  later  periods.  For  the  fore  period  the  average 
daily  excretion  was  0.42  gram;  for  the  low  benzoate  period,  0.46 
gram;  for  the  high  benzoate  period,  0.49  gram;  for  the  after  period, 
0.47  gram.  The  shght  increase  of  creatinin  in  the  later  periods  is 
probably  referable  to  the  slight  increase  in  the  intake  of  meat  proteins. 
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The  nitrogen  of  hippuric  acid  one  would  natural);  expect  to  show 
an  increase  dependent  on  the  administration  of  aodiiun  benzoate,  in 
accordance  with  the  well  known  fact  that  hippuric  acid  is  formed  in 
the  body  by  the  pairing  of  benzoic  acid  with  glycocoll  and  that  most 
of  the  benzoic  acid  ingested  is  excreted  by  the  kidneys  in  this  combi- 
nation. In  this  research  hippuric  acid  is  of  interest  only  in  bo  far  as 
it  represents  the  elimination  of  benzoic  acid,  and  for  this  reason  the 
figures  in  the  tables  to  be  alluded  to  represent  only  the  benzoic  acid 
moiety  of  the  hippuric  acid  molecule.  An  increased  excretion  of 
hippuric  acid  is  observable  from  period  to  period,  with  the  increase  in 
the  administration  of  sodium  benzoate.  An  instructive  statement  of 
the  influence  of  sodium  benzoate  on  the  output  of  hippuric  acid  is 
seen  in  the  table  (Series  E,  I R)  which  represents  the  daily  average  of 
benzoic  acid  (calculated  from  the  nitrogen  of  the  hippuric  acid  of  the 
urine)  excreted  during  the  fore  period,  the  benzoate  period,  and  the 
after  period.  The  table  shows  also  the  amount  of  sodium  benzoate 
ingested  in  the  different  periods  expressed  in  terms  of  benzoic  acid. 

The  essential  features  of  this  table  are  the  following:  During  the 
low  benzoate  period  the  average  daily  dose  of  benzoic  acid  introduced 
was  0.2541  gram.  The  benzoic  acid  eliminated  during  the  fore 
period  was  0.3053  gram.  In  other  words,  the  calculated  amount 
excreted  somewhat  exceeds  the  actual  amount  taken.  During  the 
high  benzoate  period  the  daily  excretion  of  benzoic  acid  for  the 
entire  period  was  1.573  grams.  The  calculated  amount  of  benzoic 
acid  excreted  daily  during  this  period,  after  deducting  the  normal 
daily  amount  of  the  fore  period,  is  1.5611  grams.  Here,  then,  there 
is  a  close  correspondence  between  the  amount  of  benzoic  acid  excreted 
and  the  amount  administered. 

It  should  be  noted  also  that  the  after  period  of  fourteen  days 
shows  an  average  daily  benzoic  acid  excretion  of  0.1638  gram. 


UNDBTERMINBD   NtTROdEN. 


We  may  consider  the  undetermined  nitrogen  in  terms  of  its  relation 
to  the  total  nitrogen.  (Series  D,  I  R.)  During  the  fore  period,  the 
average  percentage  of  undetermined  nitrogen  amounted  to  5.6  per 
cent  of  the  total  nitrogen;  for  the  low  benzoate  period,  to  7  per  cent; 
for  the  h^b  benzoate  period,  to  3.9  per  cent;  and  for  the  after  period, 
to  5.5  per  cent.  It  can  not  be  said  that  these  variations  possess  any 
significance  in  relation  to  the  benzoic  acid  ingested.  The  consid- 
erable variations  in  undetermined  nitrogen  which  are  so  commonly 
observed  are  explainable  to  some  extent  by  the  fact  that  the  undeter- 
mined nitrogen  is  estimated  by  difference. 
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The  average  daily  total  output  of  sulphur  excretion  in  the  urine 
(Series  B,  I  R)  for  the  fore  period  was  0.710  gram;  for  the  low  ben- 
zoate  period,  0.807  gram;  for  the  high  beozoate  period,  0.947  gram; 
for  the  after  period,  0.816  gram.  As  this  increase  for  the  late  periods 
seems  roughly  parallel  to  the  total  nitrogen  excretion,  it  may  fairly 
be  attributed  to  the  increased  ingestion  of  protein  food. 


The  average  percentage  (Series  D,  I B)  of  inorganic  sulphur  for  the 
fore  period  was  78.4  per  cent  of  the  total  sulphur;  for  the  low 
benzoate  period,  79.3  per  cent;  for  the  high  benzoate  period,  80.7 
per  cent;  for  the  after  period,  81.5  per  cent.  These  variations  are 
so  slight  as  to  be  insignificant. 

BTHBREAL  SULPHUB. 

The  relation  of  the  ethereal  sulphur  to  the  total  sulphur  as  expressed 
in  percentages  for  the  various  periods  will  be  found  in  the  table  of 
percentages.  (Series  D,  I  K.)  It  is  more  instructive  to  consider 
the  ratio  of  inorganic  and  ethereal  sulphur,  especially  if  one  is  accus- 
tomed to  gauge  the  intensity  of  putrefactive  processes  through  the 
use  of  this  ratio.  It  may  be  noted  that  the  ratio  of  inorganic  to 
ethereal  sulphur  for  the  fore  period  was  17,1;  for  the  low  benzoate 
period,  15,9;  for  the  high  benzoate  period,  20.7,  and  for  the  after 
period,  15,3.  These  variations  are  too  small  to  be  significant.  The 
actual  ratios  for  the  different  periods  are  all  within  the  limits  of 
health.  It  is  perhaps  worth  while  to  mention  that  the  highest  ratio — 
that  is,  the  least  proportion  of  ethereal  sulphur — was  observed 
during  the  period  of  highest  benzoate  consumption.  In  other  words, 
during  the  period  of  highest  benzoate  consumption  there  appears  to 
have  been  a  slight  fall  in  intestinal  putrefaction  as  gauged  by  this 
ratio.  The  rise  in  indican  (Series  A,  I  R)  noted  in  the  hi^h  benzoate 
period  seems  contradictory  to  the  ratios  given  above,  but  a  close 
correspondence  is  not  to  be  expected. 


The  daily  average  excretion  (Series  B,  I  R)  of  phosphorus  in  the 
form  of  phosphate  during  the  fore  period  was  0.84  gram;  during 
the  low  benzoate  period,  0. 96  gram;  during  the  high  benzoate  period, 
1.21  grams;  during  the  after  period,  1.22  grams.  There  is  here  a 
noticeable  increase  of  phosphorus  excretion  from  the  fore  period 
to  the  low  benzoate  period  and  from  the  low  to  the  high  benzoate 
period.  In  a  rough  way  the  rise  in  phosphorus  output  corresponds 
to  the  rise  in  total  nitrogen  of  the  urine,  already  mentioned.  The 
rise  from  the  fore  period  to  the  benzoate  periods  can  doubtless  be 
referred  to  a  slightly  increased  use  of  protein  food. 
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In  this  case  there  is  a  moderate  rise  in  the  intensity  of  the  indican 
reactions  during  the  high  benzoate  period.  (Series  A,  I  R.)  This  rise 
can  perhaps  be  attributable  to  a  rise  in  the  intake  of  nitrogen  in  the  food 
of  this  period — a  rise  reflected  in  the  increased  eUmination  of  nitrogen 
of  the  tmne.  For,  generally  speaking,  increased  protein  intake  tends 
to  increase  protein  putrefaction  and  thus  may  increase  the  indican 
reaction.  But  such  an  increased  indican  reaction  does  not  necessarily 
follow  a  moderate  increase  in  nitrogen  intake  such  aa  occurred  in 
this  case  in  the  high  benzoate  period.  It  may  therefore  be  con- 
nected with  the  use  of  the  large  doses  of  the  sodium  benzoate.  This 
point  will  be  further  discussed  in  the  section  on  conclusionB. 


Frequent  examinations  were  made  for  the  presence  of  indolacetic 
acid.  It  was  found  to  be  present  at  all  times.  The  reactions  were 
commonly  sUght,  sometimes  moderately  strong.  There  was  no  evi- 
dence that  the  color  reactions  for  indolacetic  acid  in  the  urine  were 
in  any  way  influenced  by-  the  ingestion  of  sodium  benzoate, 

ARONATIG  0XTACID6. 

Frequent  examinations  were  made  for  the  presence  of  aromatic 
oxyacids.  Color  reactions  were  obtainable  at  all  times  during  the 
experiment.  The  reactions  were  conunonly  slight,  sometimes  mod- 
erately strong.  There  was  no  evidence  that  the  color  reactions  tar 
the  aromatic  oxyacids  of  the  urine  were  in  any  way  influenced  by 
the  ingestion  of  sodium  benzoate. 

CHLORINE   AS   SODIUM  CHLORIDE. 

The  average  daily  excretion  of  chlorine  calculated  as  sodium  chlo- 
ride (Series  B,  I  R)  for  the  fore  period  was  8.76  grains;  for  the 
low  benzoate  period,  10.1  grams;  for  the  high  benzoate  period,  13.7 
grams;  for  the  after  period,  11.5  grams.  These  amounts  are  rather 
high  and  correspond  to  a  free  use  of  salt  in  the  dietary.  The  Tan- 
ations  noted  can  not  be  regarded  as  having  any  significance  in  the 
present  connection. 

REACTION. 

The  reaction  of  the  urine  showed  a  fair  degree  of  acidity  but  with 
slight  variations  throughout  the  experiment.  There  was  no  evidence 
that  the  sodium  benzoate  had  any  effect  upon  the  reaction. 

THE   FECES. 


The  average  daily  weight  of  the  fresh  feces  during  the  fore  period 
was  135.6  grains  (Series  B,  I  R);  for  the  low  benzoate  period,  134.3 


ACTIOB.OP  SODIUM  BEKZOATE  ON   THE   HDMAN  BODY.        575 

grams;  for  the  high  benzoate  period,  120.4  grams;  for  the  after  period, 
87.1  grams.  These  Tariations  can  not  be  regarded  as  important. 
It  may  be  noted  that  there  is  an  essential  correspondence  between 
the  weight  of  the  fresh  feces,  for  the  fore  period  and  for  the  tow 
benzoate  period. 

DKIKD. 

The  weight  of  the  dried  feces  for  the  fore  period  was  31.3  grams, 
aa  s  daily  averse;  for  the  low  benzoate  period,  27  grams;  for  the 
high  benzoate  period,  24.9  grams;  for  the  ^ter  period,  22.5  grams. 


The  average  percent^e  of  water  of  the  freeh  feces  for  the  fore 
period  was  76.9  (Series  B,  I  R);  for  the  low  benzoate  period,  79.9; 
for  the  high  benzoate  period,  79.1 ;  for  the  after  period,  74.2. 


The  average  total  nitrogen  of  the  dried  feces  for  the  fore  period 
amoimted  to  1.83  per  cent  (Series  F,  I  R);  for  the  low  benzoate 
period,  to  1.57  per  cent;  for  the  high  benzoate  period,  to  1.53  per 
cent;  for  the  after  period  to  1.34  per  cent.  These  results  are  well 
within  the  limits  of  normal  variation  and  follow  to  some  extent  the 
variations  of  the  nitrogen  intake  of  the  food. 


The  average  daily  weights  of  the  ethereal  extracts  of  the  dried 
feces  including  the  fatty  acids  of  the  soaps  for  the  various  periods 
were  as  follows  (Series  G,  I  R):  For  the  fore  period,  5.9  grams;  for 
ihe  low  benzoate  period,  5.5  grams;  for  the  high  benzoate  period, 
5.28  grams;  for  the  after  period,  5.33  grams. 

PAT  BALANCE. 

The  features  of  the  fat  intake  and  output  which  call  for  comment 
are  the  following  (Series  G,  I  R) : 

(1)  The  daily  average  intake  of  fat. 

(2)  The  percentage  of  neutral  fats,  free  fatty  acids,  and  fatty 

acids  of  soaps  in  the  feces  at  different  periods. 

(3)  The  average  percentage  of  total  fats  absorbed  from  the 

digestive  tract  (burned  or  assimilated). 

The  daily  average  intake  of  fat  (ethereal  extract)  in  this  case  was 
90  grams  for  the  fore  period,  105.8gramBfor  the  low  benzoate  period, 
97.3  grams  for  the  high  benzoate  period,  and  103  grams  for  the  after 
period.     Thus  the  variations  for  the  different  periods  were  not  wide. 

The  percentage  in  the  feces  of  neutral  fats,  free  fatty  acids,  and 
fatty  acids  of  soaps  for  the  different  periods  show  only  motWate 
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rmatious,  all  of  which  are  well  within  the  limite  observed  in  normal 
persons.  There  is  no  indication  that  the  sodium  benzoate  given  in 
small  doses  or  in  lai^  doaes  caused  any  alteration  in  the  r^ative 
proportions  of  neutral  fats,  fatty  acids,  or  soaps  in  the  feces. 

The  average  percentage  of  total  fats  absorbed  from  the  intestine  ia 
83  follows: 

Psnurt. 

Fore  period 03.7 

low  benzoate  periMl , S4. 8 

High  beozoiUe  period 94.5 

After  period 94. 4 

The  correspondences  in  fat  absorption  in  the  different  periods,  as 
shown  by  the  above  figures,  are  close.  Obviously  theee  figures  show 
that  the  d^ree  of  fat  absorption  has  not  been  influenced  either  by 
small  or  by  large  doses  of  sodium  benzoate. 

OBNBBAI.  UBINAB.T  BXASOMATIOir. 

ALBUMIN. 

At  no  time  in  the  course  of  the  experiment  could  albumin  be 
detected  in  the  urine,  even  in  traces.  Bxaminations  were  made  with 
great  frequency  and  regularity. 

SUOAB. 

At  no  time  in  the  course  of  the  experiment  could  sugar  be  detected 
in  the  urine.  Examinations  were  made  with  great  frequency  and 
regularity. 

SBDIMBNTB. 

Calcium  oxalate  was  frequently  observed  in  the  sedim^its  oi  the 
urines.  Urates  were  rarely  observed.  Phosphates  were  only  occa- 
sionally noted.     Ca^ts  were  not  observed. 

Kpithelial  cells,  leucocytes,  and  crystalline  sediments  were  not  noted 
more  frequently  during  the  benzoate  periods  than  during  the  fore 
period  and  the  after  period. 

The  urines  were  well  preserved  in  a  cool  place,  were  examined 
within  twenty-four  hours  after  being  passed,  and  were  subjected  to 
frequent  and  regular  microscopical  examinations. 

SFBCIAI.  TISINjLBT  EXAKINATIOir  FOB  BSB^OIO  AOID. 

During  the  high  benzoate  period  the  urine  was  subjected  to  chem- 
ical procedures  to  detect  the  presence  of  benzoic  acid  or  benzoates. 
It  was  impossible  to  detect  the  presence  of  benzoic  acid  in  the  urine. 
If  present  at  all  it  must  have  existed  in  mere  traces,  llus  examina- 
tion was  conducted  by  Dr.  H.  D.  Dakin. 
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SFBOIAIi  (THBUCAL  BXAJCUTATIOH  OP  THB  PBCBB. 

The  data  relating  to  the  fecea,  comprised  under  the  above  title, 
pertain  to  the  reaction,  the  color,  the  consistence,  the  mercuric  chlo- 
ride reaction  for  hydrobilirubin,  the  p-dimethylamido-benzaldehyde 
reaction  for  indol  and  skatol,  and  the  quantitative  determination  of 
hydrogen  sulphide. 

The  reaction  of  the  feces  was  sometimes  acid  to  litmus,  sometimes 
neutral,  but  generally  alkaline.  The  reaction  appears  to  have  been 
uninfluenced  by  the  taking  of  sodium  benzoate. 

The  color  of  the  feces  was  usually  brown,  sometimes  yellow,  some- 
times olive  green.  At  times,  owing  to  the  ingestion  of  lampblack  or 
charcoal,  for  purposes  of  demarcation,  the  stools  were  black  or  dark 
brown.  The  color  of  the  feces  appears  to  have  been  uninfluenced  by 
the  taking  of  sodium  benzoate. 

The  consistence  of  the  feces  varied  usually  between  normal  limits. 
Occasionally  there  was  a  diarrheal  stool.  The  daily  variations  in  the 
water  content  of  the  feces  may  be  found  in  the  tables  relating  to 
Case  I  R,  Series  A.  The  consistence  of  the  feces  apparently  bears  no 
relation  to  the  ingestion  of  sodium  benzoate. 

The  reaction  for  JiydrobUirubin  was  slight  or  negative  during  the 
fore  period,  frequently  strong  during  the  benzoate  and  after  periods. 
This  reaction  varies  so  widely  in  health  that  it  is  difficult  to  attach 
significance  to  it  unless  it  is  either  persistently  strong  or  very  slight 
or  absent.  The  persistently  sUght  reactions  noted  in  the  fore  period, 
are  somewhat  unusual  in  persons  in  health,  and  this  physiological 
variation  is  perhaps  less  common  and  therefore  more  noteworthy 
than  the  very  strong  reactions  several  times  noted  during  the  high 
benzoate  period.  It  is  not  possible  to  state  whether  the  very  strong 
reactions  noted  during  the  high  benzoate  period  were  accidental  or 
in  some  way  connected  with  the  benzoate  dosage.  It  should  be 
observed  that  the  reactions  noted  during  the  low  benzoate  period 
all  came  within  the  limits  observed  under  natural  and  hefilthful 
physiological  conditions. 

The  reaction  for  indol  was  usually  slight  or  moderate,  seldom  strong. 
The  reactions  for  each  period,  considered  separately,  fail  well  within 
the  normal  limits.  Indeed  it  may  safely  be  stated  that  these  color 
reactions  indicate,  for  each  period  of  the  experiment,  a  rather 
unusually  low  intensity  of  indolic  intestinal  putrefaction.  Possibly 
the  reactions  were  on  the  whole  somewhat  stronger  during  the  ben- 
zoate periods  than  during  the  fore  period,  but  these  differences  are 
too  slight  to  mark  a  definite  tendency.  Hence  they  call  for  no 
further  comment  here. 
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HYSBOQEN    SULFHroB. 

Quaatitative  determinatioiis  were  made  of  the  hydrogen  sulphide 
content  of  the  feces  from  Septemher  5  to  the  end  of  the  expenment 
(Series  I,  I  R).  These  obaerrations  were  made  with  the  thought  that 
an  abnormal  grade  of  putrefaction  might  possibly  be  revealed  by  a 
rise  in  the  hydrogen  sulphide  of  the  feces,  as  jn  some  instances  of 
intestinal  disease.  The  figures  obtained  in  the  present  instance  fall 
well  within  the  hmits  of  the  normal.  In  fact  they  indicate  very 
moderate  or  small  values  of  hydrc^en  sulphide,  both  in  the  high 
benzoate  period  and  in  the  after  period.  We  are  thus  justified  in 
concluding  that  the  fixation  of  the  hydn^en  sulphide  in  the  feces  in 
this  subject  was  not  influenced  by  the  taking  of  large  doses  of  sodium 
benzoate. 

Note. — In  addition  to  this  chemical  examination,  the  feces  were 
subjected  to  microscopic  study  to  determine  whether  there  were  any 
alterations  in  their  character  indicating  a  diminished  absorption  of 
foodstuffs  (e.  e.f  meat  fiber,  fata,  etc.)  during  the  benzoate  periods. 
No  changes  of  this  character  were  detectable.  Moreover  no  mcrease 
in  mucus  was  observable  and  no  increase  in  cellular  elements 
(including  leucocytes)  derived  from  the  intestinal  wall. 

BAOTEBIOLOaiOAL  BXAIOHATION  OF  THE  FECES. 

The  bacteriological  examination  of  the  feces  consisted  of  the  study 
of  the  microscopical  preparations  of  Gram-stained  smears  made 
from  the  feces  (usually  within  one  or  two  hours  of  their  passage), 
of  the  study  of  the  gas  production  in  dextrose-bouillon  fermenta- 
tion tubes,  and  the  study  of  the  Gram-stained  sediments  obtained 
from  these  fermentation  tubes.  Elaborate  cultural  studies  of  the 
fecal  bacteria  were  not  undertaken  because  it  was  believed  that  the 
results  obtainable  from  them  would  not  be  commensurate  in  value 
with  the  labor  and  expense  involved. 

GRAH-STAINBD   FECAL   SUBABS. 

The  Gram-stained  fecal  smears  were  made  daily  throughout  the 
experiment.  These  smears  were  studied  with  a  view  to  noting  any 
striking  differences  in  the  morphology  and  staining  properties  of  the 
fecal  bacteria  in  the  course  of  the  experiment.  Experience  has  shown 
that  marked  variations  in  the  flora  may  be  detectable  by  the  exam- 
ination of  the  Gram-stained  feces.  Slight  variations  can  not,  of 
course,  be  determined  in  this  way,  hut  it  was  beheved  that  this 
method  afforded  a  reasonable  chance  of  detecting  significant  varia- 
tions in  the  flora,  should  they  arise  in  consequence  of  the  use  of 
sodium  benzoate. 

In  Case  I  R  the  slides  show  moderate  variations  from  day  to  day 
in  the  morphology  of  the  bacteria  and  their  failure  or  ability  to  take 
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the  Qram-etain.  These  Tariations  are  of  the  same  nature  as  those 
observed  in  all  normal  individuals,  even  when  approximately  the 
same  diet  is  maintained  (as  in  the  present  experiment).  Neither  the 
preparations  belonging  to  the  period  of  small  dosage  nor  that  of 
high  dosage  reveal  any  significant  or  persistent  variations.  The 
preparations  of  bacteria  which  we  are  justified  in  roughly  and  pro- 
visionally grouping  under  the  B.  cdi  and  B.  lactia  oerogeTies  types^ 
the  coccal  type,  the  acidophile  and  B.  infantUia  types,  and  the  B. 
aerogenes  capaulaias  types  varied  throughout  the  extent  of  the- 
observations  within  limits  observable  in  health. 

GAS  PBODUCmON  IN  DBXTR08E-B0UILL0N  FERMENTATION  TUBES. 

Observations  were  made  twice  weekly  on  the  gas  production  of 
the  mixed  fecal  flora  in  dextrose-bouillon  fermentation  tubes  in  the 
hope  of  detecting  any  influence  that  might  possibly  be  exerted  by 
sodium  benzoate  on  the  gas  forming  function  of  the  intestinal  bac- 
teria. Fluctuations  in  the  quantity  of  gas  formed  in  the  dextrose- 
bouiUon  tubes  by  the  mixed  flora  from  the  same  individual  are,  of 
course,  to  be  expected  under  physiological  conditions.  But  the 
changes  in  gas  volume  referable  to  the  bacteria  inoculated  from  day 
to  day  are  not  considerable  so  long  as  the  diet  remains  unchanged 
in  its  general  characters,  especiaUy  as  regards  the  proportions  of 
carbohydrates  and  proteins  ingested.  When  the  diet  is  markedly 
altered  with  respect  to  proteins  or  carbohydrates  there  occurs  an 
alteration  in  gas  productivity  on  the  part  of  the  bacteria.  A  diet 
rich  in  protein  and  low  in  carbohydrates  tends  to  increase  the  gas 
productivity  of  the  fecal  bacteria.  A  diet  rich  in  carbohydrates  and 
low  in  proteins  tends  to  diminish  the  gas  productivity  of  the  fecal 
flora — a  result  exactly  contrary  to  that  which  would  be  expected 
from  the  well-known  observation  that  carbohydrates  in  abundance 
are  apt  to  occasion  flatulence.  The  reasons  for  this  apparent  para- 
dox need  not  be  discussed  here.  The  important  thing  in  this  con- 
nection is  that  the  diet  of  aU  the  subjects  of  the  experiment  was 
fairly  xmiform,  as  may  be  observed  from  the  dietary  tables.  Hence 
any  considerable  variations  in  gas  production  by  the  fecal  bacteria 
would  not  be  fairly  attributable  to  variations  in  diet  but  would 
depend  on  some  other  cause. 

The  curve  based  on  the  variations  of  gas  production  by  the  fecal 
bacteria  in  Case  I  R  is  shown  in  Series  K,  I  K.  It  is  noteworthy 
that  in  general  gas  productivity  is  considerably  lower,  on  the  aver- 
ts, during  the  benzoate  periods,  than  before  the  administration  of 
benzoate.  It  should  also  be  noted  that  there  is  a  definite  rise  in 
gas  production  foUowing  immediately  on  the  cessation  of  the  high 
doses  of  sodium  benzoat«.  The  smallest  gas  production  corresponds 
roughly  to  the  lai^est  doses  of  sodium  benzoate. 
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It  may  be  menUoned  in  this  connection  that  there  was  a  aome'  7hat 
increased  use  of  proteins  during  the  high  beozoate  period  as  com- 
pared frith  the  low  benzoate  and  the  fore  periods,  but  this  would 
tend  to  increase  the  gas  production.  On  the  whole  it  seems  prob- 
able that  the  depression  in  gas  formation  observed  was  an  effect  of 
tho  use  of  sodium  benzoate. 

THE  OKAH-STAINED   rBSMZNTATIDN  TDBE   SEDIMENTS. 

Examination  of  the  Gram-stained  sediments  from  the  fermenta- 
tion tubes  indicates  the  presence  of  varieties  of  bacteria  normally 
found.  In  general  it  may  be  said  that  the  coccal  types  of  bacteria, 
Oram-n^ative  and  Gram-positive  staphylococcal  forms^  and  some- 
times diplo-streptococcal  forms  are  more  numerous  in  the  fermenta- 
tion tube  sediments  during  the  period  of  low  gas  production  than 
during  the  remaining  periods.  It  is  not  possible  to  detect  in  the 
Oram-stained  smears  made  from  the  fresh  feces  any  corresponding 
increase  of  coccal  forms. 

OALOBIC  VAXiTJBB  OF  THE  FOODBTUTFS. 

The  caloric  values  of  the  food  consumed  by  the  various  subjects 
were  computed  in  the  following  manner:  From  the  representative 
samples  of  the  food  used  the  weight  of  the  dried  food,  less  the  ash, 
was  obtained.  It  was  assumed  that  this  food  consisted  of  fats, 
proteins,  and  carbohydrates  available  for  nutritive  piirposes.  The 
small  quantity  of  cellulose  contained  in  the  food  does  not  disturb  the 
validity  of  this  assiunption  in  relation  to  the  present  object.  The 
fat  of  the  food  was  calculated  from  the  ethereal  extract,  the  protein 
was  calculated  from  the  nitrogen,  and  the  material  left  after  deduct- 
ing the  fat  and  the  nitrogen  was  assumed  to  consist  of  carbohydrate 
matter.  (For  further  detail  see  imder  Methods;  Caloric  value  of 
foods.) 

In  Case  I  R  the  daily  avec^^  for  the  caloric  values  of  the  food 
ingested  was  as  follows  "  (Series  H,  I  R) : 

Calntoi. 

For  the  fore  period 2, 320 

For  the  low  benaoite  period 2,21^ 

For  the  high  benzoate  period 2,176 

For  the  after  period - 2, 311 

From  this  it  is  seen  that  the  caloric  values  were  adequate  but 
not  excessive  for  a  man  of  moderate  weight  following  an  indoor  occu- 
pation calling  for  a  moderate  expenditure  of  muscular  energy. 

oThrou^  inadvertence  a  record  waa  not  kept  of  the  amount  of  sugar  consumed 
with  the  food  after  August  13.  The  latter  values  in  the  tabt«,  eapecially  the  last 
two,  are  somowbat  lower  than  the  actual  valu««  on  this  account. 
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SPECIAL  CUNIGAL  DATA. 

For  the  study  of  the  clinical  conditions  in  our  group  of  cases  the 
referee  board  secured  the  services  of  Dr.  John  S.  Thacher.  Doctor 
Thacher  and  his  associates  took  charge  uf  the  medical  aspects  of  the 
inTestigation.  They  also  made  the  examinations  of  the  blood  by 
clinical  methods,  and  a  careful  study  of  the  gastric  contents  with 
especial  reference  to  the  free  hydrochloric  acid  present.  The  speci- 
mens of  blood  and  of  gastric  contents  were  taken  for  examination  one 
hour  after  an  Ewald  test  breakfast. 

The  results  of  these  inTestigations  are  ^Ten  in  four  charts  in 
Series  L.  Chart  No.  I  gives  in  detail  all  of  the  findmgs.  Chart  No. 
II  gives  the  averages  of  the  several  determinations  from  specimens 
taken  at  the  same  time."  Chart  No.  Ill  gives  these  same  averages 
shown  by  curves.  Chart  No.  IV  gives  tiie  average  figures  and  the 
composite  curves  obtained  by  averaging  the  results  obtained  from 
the  four  individuals  who  were  the  subjects  of  these  investigations. 

All  of  the  findings  except  the  weight  and  the  general  conditions  were 
obtained  in  duplicate  or  multiple  observations.  The  initial  letter 
of  the  observer  will  be  found  recorded  in  each  instance.  The  letters 
in  the  column  at  the  left  (Chart  I)  refer  to  the  observer  making  de- 
terminations of  hemoglobin  and  the  collection  of  the  specimens,  the 
rest  of  the  determinations  being  made  by  the  observer  whose  initial 
is  placed  in  the  column  at  the  right.  All  the  pipettes  used  in  the 
blood  work  were  numbered,  and  these  numbers  are  inserted  in  the 
first  chart,  so  that  it  can  be  seen  whether  the  same  or  different 
pipettes  were  used  for  different  observations.  The  same  two  Fleischl 
hemoglobinometers  were  used  throughout.  The  counting  chambers 
used  varied  with  the  observers.  One  observer,  "C,"  made  one  of  the 
determinations  in  each  examination  throughout  the  series.  The 
other  observer,  acting  aa  a  check  upon  the  first,  was  changed  at  times. 
The  two  observers  in  each  instance  worked  entirely  independently. 

The  reader  may  be  referred  especially  to  Chart  No.  Ill,  Series  I^, 
giving  the  curves  showing  the  relative  weights  of  the  subject,  the 
hemoglobin  percent^e,  and  the  red  and  white  cells  from  data  de- 
rived from  Chart  No.  II. 

There  are  certain  data  relating  to  the  clinical  condition  of  the  sub- 
jects of  the  benzoate  experiment  which  are  of  sufficient  importance, 
as  indications  of  the  physiological  state  or  "state  of  health,"  to  deserve 
special  comment  here.  These  data  relate  to  (1)  the  weight  of  the 
subjects,  (2)  the  morphological  elements  of  the  blood  and  the  hemo- 
globin, (3)  the  hydrochloric  acid  of  the  gastric  juice. 

"A  few  resulta  relating  to  the  leucocyM  count  widely  at  variance  with  the  other 
obeervationB  on  account  of  the  development  of  yeast  cells  in  one  of  tbe  Bolutiona 
were  omitted  in  making  the  aver^ee. 
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The  weights  relating  to  Subject  I  R  are  graphically  shown  in  Series 
•J,  I  R.  The  noteworthy  feature  in  this  case  is  the  gradual  rise  in 
weight  notwithstanding  the  ingestion  of  sodium  benzoate.  Even 
during  the  high  benzoate  period  there  is  observed  an  increase  in  the 
body  weight.     (See  also  Series  A,  I  R.) 

EXAMINATION    OF   THE    BLOOD. 
HKMOaLOBIH. 

The  henw^lobin  curve  (Series  L,  Chart  HI,  I  R)  shows  uniformity 
throughout,  with  a  slight  tendency  to  rise  toward  the  end  of  the 
experiment.  There  is  no  indication  of  any  effect  from  the  taJdng 
of  benzoate. 

The  curve  indicative  of  the  red  blood  cell  count  shows  a  normal 
uniformity  for  the  different  periods.  The  slight  rise  during  the  low 
benzoate  period  does  not  call  for  discussion.  No  effect  from  the 
benzoate  is  discernible  in  this  curve.     (Series  L,  Chart  III.) 


The  curve  showing  the  numbers  of  the  white  blood  cells  shows  a 
rise  in  the  middle  of  the  high  benzoate  period,  which  is  not  sus- 
tained. There  is  no  reason  to  attribute  tliis  rise  to  the  influence  of 
the  ingested  benzoate.     (Series  L,  Chart  III.) 

The  differential  leucocyte  counf  shows  only  variations  within 
normal  limits.     (Series  L,  Charts  I  and  II.) 

FBBE   HYDBOCHLOBIC   ACID. 

The  curve  for  the  free  hydrochloric  acid  of  the  gastric  juice  is  of 
interest,  as  it  starts  &om  zero  and  gradually  rises  to  normal  values, 
which  are  attained  in  the  high  benzoate  period.     (Series  L,  Chart  III.) 

SmOCABT  OF  CONCLirsiONS  BBLATTVl!  TO  CASB  I  B.. 

In  stating  the  conclusions  derivable  from  tliis  investigation  relative 
to  the  action  of  sodium  benzoate  on  the  human  body  it  is  necessary 
to  distinguish  between  the  effects  of  small  doses  (under  0.5  gram  daily) 
and  the  effecta  of  large  doses  (over  0.5  gram  daily). 

ACTION    OF    SMALL    DOSBH   OF    SODItTM    BENZOATE. 

It  may  be  stated  that  no  action  from  small  doses  of  sodium  benzoate 
was  detectable  by  the  methods  employed  in  this  investigation  in 
respect  to  the  following  features: 

(1)  The  general  health  of  the  subject,  aa  indicated  by  the  subjec- 
tive and  objective  signs. 
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(2)  The  composition  of  the  urine  (with  one  exception,  viz,  the 

phjsiolo^cal  effect  on  the  hippnric  acid  excretion). 

(3)  The  composition  of  the  feces. 

(4)  The  absorption  of  fats  and  the  fat  balance. 

<5)  The  character  of  the  bacteria  of  the  intestinal  tract.  ' 

(6)  The  weight  of  the  body. 

(7)  The  hemoglobm  of  the  blood. 

(8)  The  red  blood  cells. 

(9)  The  white  blood  cells. 

The  observed  rise  in  hippuric  acid  of  the  iu*ine  was  such  as  to  be 
expected  from  the  well-known  metabolism  of  benzoic  acid  in  the 
animal  organism. 

ACTION    OF    LABGE    DOSES    OF   SODIUM    BENZOATE. 

It  may  be  stated  that  no  definite  physiological  consequences  of 
large  doses  of  sodium  benzoate  were  detectable  by  the  methods 
employed  in  this  investigation,  except  in  the  following  respects : 

(1)  There,  was  a  considerable  or  large  rise  in  the  hippuric  acid 
excretion,  such  as  would  be  expected  from  the  doses  of  sodium  ben- 
zoate ingested. 

(2)  There  was  a  slight  increase  of  the  indican  of  the  urine,  which 
was  possibly  attributable  to  an  action  of  the  sodium  benzoate — per- 
haps a  shght  irritant  action  in  the  gaatro-enteric  tract,  so  altering 
the  secretions  and  bacteria  as  to  favor  intestinal  putrefaction. 

(3)  There  was  a  depression  of  the  gas-producing  function  of  the 
mixed  fecal  bacteria  in  dextrose  bouillon. 

(4)  There  was  a  moderate  but  apparently  unmistakable  rise  in  the 
proportion  of  coccal  bacteria  observed  in  the  fermentation  tube  sedi- 
ments derived  ^rom  the  inoculation  of  the  mixed  fecal  flora. 

(5)  There  was  a  distinct  rise  in  the  free  hydrochloric  acid  of  the 
gastric  juice. 

CASE  n  H. 

OEHBRAL  lEBDICAI.  HOTB8. 

The  subject  of  this  experiment  was  a  medical  student,  21  years  of 
age,  healthy,  and  of  good  habits  of  life.  He  was  imcommonly  well 
nourished,  with  some  tendency  to  obesity.  Twice  during  the  course 
of  the  experiment  he  had  slight  disorders  of  digestion.  Once  there 
was  irregidarity  of  the  bowels  with  some  diarrhea  (July  14-17)  and 
on  another  occasion  (August  21)  colic  and  shght  diarrhea.  Investi- 
gation of  these  disturbances  failed  to  connect  them  with  the  use  of 
sodium  benzoate,  but  made  it  probable  that  they  were  referable  to 
some  other  influence.  On  September  20  the  subject  contracted  a 
slight  cold.    With  these  unimportant  exceptions  he  remained  in 
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good  health  throughout  the  course  of  the  experiment.  It  should  be 
noted  that  while  in  general  a  regular  life  was  led  during  the  experi- 
ment, there  was  considerable  railroad  travel  in  and  out  of  the  city. 
In  this  respect  and  also  in  respect  to  uniformity  in  food  the  subject  of 
this  experiment  was  less  regular  in  his  habits  than  the  other  members 
of  the  experimental  group.  It  should  further  be  observed  that  there 
was  no  disorder  of  digestion  in  this  case  during  the  high  benzoate 
period.  This  is  of  interest  in  connection  with  the  interpretation  of 
the  slight  disorders  of  digestion  that  occurred  during  the  low  ben- 
zoate period,  for  if  the  latter  were  referable  to  the  use  of  the  benzoate 
it  is  reasonable  to  expect  that  they  would  recur  when  much  larger 
doses  of  benzoate  were  taken.    This,  however,  was  not  the  case. 

The  daily  dose  of  sodium  benzoate  was  0.45  gram  for  the  low 
period;  for  the  high  benzoate  period  it  ranged  from  0.6  gram  to  6 
grams  per  day. 

AKALTTICAL  DATA  BBXAXIKa  TO  THE  UBIHB  Ain>  THE  PXCEB. 

THE    UKINE. 


The  daily  volume  of  the  urine  (Series  A,  II  H)  varied  between 
620  c.  c.  and  2,180  c.  c.  The  fluctuations  can  be  brought  into  no 
relation  with  the  use  of  sodium  benzoate,  for  during  the  very  warm 
weather  corresponding  to  a  lai^  part  of  the  experimental  period  the 
intake  of  water  could  not  accurately  he  measured  nor  could  llie 
perspiration  be  estimated  in  its  volimie. 


The  specific  gravity  (Series  A,  II  H)  varied  between  1.036  and 
1.018,  and  no  significance  can  be  attached  to  these  variations  in  con- 
nection with  the  present  investigation. 


During  the  fore  period  of  fourteen  da^'s  the  average  daily  total 
nitrogen  of  the  urine  amounted  to  13.SS  grams  (Series  B,  II  H);  for 
the  low  benzoate  period,  to  13.78  grams;  for  the  high  benzoate 
period,  16.04  grams;  for  the  after  period,  15.86  grams.  It  may  be 
noted  that  the  average  daily  nitrogen  excretion  for  the  fore  period 
and  for  the  low  benzoate  period  corresponded  closely. 


The  data  relating  to  the  nitrogen  balance  in  this  case  are  given  in 
a  special  table  (Series  F,  II  H).  They  show  for  the  fore  period  an 
average  daily  positive  balance  (i.  e.,  a  greater  nitrogen  intake  than 
output)  of  0.18  gram;  for  the  low  benzoate  period  a  positive  balance 
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of  1.59  grams;  for  the  high  benzoate  period  a  negative  balance  of  0.6 
gram;  for  the  after  period  a  positive  balance  of  1.26  grams.  The 
daily  intake  of  nitrogen  with  the  food  Taried  within  small  limits  for 
the  first  three  periods  as  follows: 

Fotc  period 15.  R 

Low  benzoate  period 16.8 

Hi^  bfflizoate  period 16. 74 

Alter  period 18, 74 

There  can  be  little  doubt  that  the  toss  of  nitrogen  by  the  perspira- 
tion in  this  case  was  an  element  disturbing  to  the  ntb'c^n  balance, 
for  the  per^iration  was  profuse.  The  extent  of  the  loss  of  nitrogen 
by  the  perspiration  is  indicated  by  experimentfd  work  i^ch  bears 
on  this  question." 

In  our  other  subjects  the  perspiration  was  probably  also  a  factor 
in  determining  t^e  nitrogen  excretion,  but  in  this  instance  it  is  fair 
to  assume  that  it  was  of  special  importance. 


The  nitrogen  of  m^s  may  best  be  considered  from  the  standpoint 
of  the  percentage  of  the  total  nitrogen  which  it  represents.  The 
average  percentage  of  nitrogen  of  urea  for  the  fore  period  was  80.7 
per  cent  of  the  total  nitrogen  (Series  D,  II H);  for  tJie  low  benzoate 
period,  80.7  per  cent;  for  the  high  benzoate  period,  80.8  per  cent;  for 
the  after  period,  81.6  per  cent.  Here  we  have  an  example  of  close 
uniformity  in  the  nitrogen  of  urea  for  the  various  periods  of  the 
observation,  a  uniformity  undisturbed  by  the  high  benzoate  dosage. 
As  these  percentages  fall  wholly  within  the  physiological  limits, 
their  further  discussion  in  the  present  connection  would  have  no 
significance. 


If  we  look  at  the  table  for  nitrogen  of  ammonia  in  this  case  (Series 
B,  II  H)  we  see  that  the  actual  excretion  of  nitrogen  of  ammonia  for 
.the  fore  period  was  0.82  gram;  for  the  low  benzoate  period,  0.76 
gram;  for  the  high  benzoate  period,  0.88  gram;  for  the  after  period, 
0.86  gram.  The  average  percentages  of  nitrogen  of  ammonia  are  as 
follows  (Series  D,  H  H) ;  For  the  fore  period,  5.9  per  cent  of  the 
total  nitrogen;  for  the  low  benzoate  period,  5.5  per  cent;  for  the 
high  benzoate  period,  5.5  per  cent;  for  the  after  period,  5.4  per  cent. 
There  exists  here  a  close  uniformity  for  the  various  periods,  both  in 
the  actual  nitrogen  of  ammonia  and  in  the  perc^itages  of  the  total 
nitrogen,  which  fall  well  within  the  limits  of  the  normal.  It  is  quite 
plain,  therefore,  that  the  use  of  sodium  benzoate  has  exercised  no 
disturbing  influence  on  the  nitrogen  of  ammonia. 

oSee  Atwater  and  Benedict,  Bulletin  136,  0£Bce  of  Experiment  Station,  U.  8.  De- 
partment of  Agriculture,  1903,  p.  118. 
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TOTAL  PtJftIN  KITKOOBN. 

The  average  daily  output  of  purin  nitn^en  tor  the  fore  period 
^ries  B,  n  H)  was  0.32  gram;  for  the  low  benzoate  period,  0.31 
gram;  for  the  high  benzoate  period,  0.34  gram;  for  the  after  period, 
0.33  gram.  The  uniformity  shown  by  these  figures  ia  reflected  also  in 
the  percentages  (Series  D,  II  H)  which  show,  for  the  fore  period,  an 
average  of  2.3  per  cent  of  the  total  nitrogen;  for  the  low  benzoate 
period,  2.3  per  cent;  for  the  h^h  benzoate  period,  2.1  per  cent;  for 
the  after  period,  2.1  per  cent.  It  is  unnecceesary  to  comment  on 
these  entirely  normal  findings. 


The  aver^  daily  excretion  of  uric  acid  nitrogen  for  the  fore  period 
(Seriee  B,  II  H)  was  0.29  gram;  for  the  low  benzoate  period,  0.27 
gram;  for  the  high  benzoate  period,  0.29  gram;  For  the  after 
period,  0.28  gram.  This  close  uniformity  for  the  various  periods  is 
reflected  in  the  aver^es  of  percentages  (Series  D,  II  H),  which  are  as 
follows:  For  the  fore  period,  2.1  per  cent  of  the  total  nitrogen;  for 
the  low  b^izoate  period,  2  per  cent;  for  the  high  benzoate  period, 
1.8  per  cent;  for  the  after  period,  1.8  per  cent.  It  is  safe  to  conclude 
from  these  entirely  normal  values  that  the  administration  of  sodium 
benzoate  was  without  appreciable  influence  on  the  excretion  of  uric 
acid. 

r  CRBATININ. 


The  average  daily  output  of  nitrogen  of  creatinin  for  the  fore  period 
(Series  B,  II  H)  was  0.59  gram;  for  the  low  benzoate  period,  0.67 
gram;  for  the  high  benzoate  period,  0.80  gram;  for  the  after  period, 
0.79  gram.  TTiere  is  here  an  evident  rise  in  the  creatinin  from  the 
fore  period  to  the  two  benzoate  periods,  this  rise  being  maintained 
during  the  after  period.  It  is  possible  that  a  portion  of  the  rise  may 
be  referable  to  the  use  of  sodium  benzoate,  it  being  noteworthy  that 
the  highest  creatinin  output  corresponds  to  the  high  benzoate  period. 
On  the  other  hand,  the  rise  in  creatinin  may  be  due  to  the  moderate 
increase  in  the  nitrogen  intake  during  the  high  benzoate  period. 
This  appears  the  more  probable  view. 

Looking  at  the  nitrogen  of  creatinin  from  the  standpoint  of  per- 
centages (Series  D,  II  H)  we  see  only  slight  increase  from  one  period 
to  another.  Dimng  the  fore  period  the  average  percentage  was  4.3 
per  cent  of  the  total  nitrogen;  during  the  low  benzoate  period,  4.9 
per  cent;  during  the  high  benzoate  period,  5  per  cent;  and  during  the 
after  period,  5  per  cent.  We  may,  therefore,  say  that  the  rise  in 
creatinin  during  the  benzoate  periods  is  noticeable  also  in  these  per- 
centages though  the  change  is  less  marked  than  when  consid^ed 
from  the  standpoint  of  actual  creatinin  excretion. 
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The  nitrt^n  of  hippuric  acid,  as  would  l>e  expected,  rises  during 
the  benzoate  periods.  The  table  (Series  E,  II  H)  clearly  shows  the 
influeoce  of  benzoic  acid  intake  upon  the  hippuric  acid  output  for 
the  various  periods.  It  is  seen  from  this  table  that  the  daily  average 
of  benzoic  add  calculated  from  the  nitrogen  of  the  hippuric  acid 
eliminated  in  the  urine  was  0.6701  gram  for  the  fore  period;  for  the 
low  benzoate  period  it  had  risen  to  1.0120  grams;  if  we  deduct  from 
this  amount,  representing  the  daily  average  for  the  low  benzoate 
period,  the  amount  representing  the  daily  averse  for  the  fore  period, 
we  get  0.3419  ^am  as  the  average  daily  amount  of  benzoic  acid 
excreted  referable  to  the  intake  of  sodium  benzoate  during  the  low 
benzoate  pwiod.  Again  referring  to  the  table,  we  see  that  the  daily 
average  amount  of  benzoic  acid  ingested  during  the  low  benzoate 
period  was  0.3813  gram.  In  other  words,  there  is  here  a  close  and 
satisfactory  correspondence  between  the  rise  in  hippuric  acid  output 
due  to  sodium  benzoate  and  the  actual  amount  of  sodium  benzoate 
ingested. 

For  the  high  benzoate  period  we  see  that  the  average  daily  amount 
of  benzoic  acid  ingested  was  1.5730  grams,  whereas  the  calculated 
amount  excreted  referable  to  the  administration  of  sodium  benzoate 
amounted  to  1.5689  grams.  Here  again  we  see  a  close  and  satis- 
factory correspondence  between  the  actual  amount  of  benzoate 
taken  and  the  amount  of  hippuric  acid  excreted  and  referable  to  this 
intake. 

For  the  after  period  the  daily  average  excretion  of  benzoic  acid 
amounted  to  0.0546  gram. 


HmtooaK. 


In  regard  to  the  undetermined  nitrogen  we  find  the  daily  aver- 
age for  the  fore  period  amounted  to  0.87  gram  (Series  B,  II  H) ;  for 
the  low  benzoate  period,  0.78  gram;  for  the  high  benzoate  period, 
0.75  gram;  for  the  after  period,  0.85  gram.  The  slightness  of  these 
variations  for  the  different  periods  is  reflected  also  in  the  percent- 
ages of  total  nitrogen  (Series  D,  II  H),  the  average  percentage  for 
the  fore  period  being  6.2  per  cent ;  for  the  low  benzoate  period,  5.7 
percent;  for  the  high  benzoate  period,  4.7  per  cent;  for  the  after 
period,  5.4  per  cent.  No  further  comment  need  be  made  on  these 
results,  as  tiiey  are  obviously  indicative  of  entirely  physiolc^cal 
conditions  which  are  in  no  wise  disturbed  through  the  use  of  sodium 
benzoate. 


The  daily  average  of  the  total  output  of  sulphur  for  the  fore  period 
was  1.003  grams  (Series  B,  H  H);  for  the  low  benzoate  period, 
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1.032  grams;  for  the  high  benzoate  period,  1.173  grams;  for  the 
after  period,  1.112  grams.  There  is  thus  a  moderate  rise  in  the 
total  sulphur  output  from  the  fore  period  to  the  low  benzoate  period, 
and  a  still  further  rise  from  the  tow  to  the  high  benzoate  period. 
During  the  after  period  there  is  a  distinct  falling  aS.  While  the 
total  amount  of  sulphur  in  the  urine  in  health  varies  in  general 
with  the  total  nitrogen,  the  correspondence  is  not  absolute  and  our 
figures  fall  well  within  the  limits  of  normal  variation. 


In  regard  to  the  inoigamc  sulphur,  we  see  that  for  the  fore  period 
the  daily  average  output  is  0.804  gram  (Series  B,  II  H) ;  for  tiie  low 
benzoate  period,  0.807  gram;  for  the  high  benzoate  period,  0.945 
gram;  for  the  after  period,  0.902  gram.  The  rise  in  inorganic  sul- 
phur from  the  low  to  the  high  benzoate  period  is  distinct,  as  in  the 
case  of  the  similar  rise  in  the  total  sulphur,  and  what  has  been  said 
in  relation  to  the  latter  apphes  also  to  the  former.  An  examination 
of  the  table  showing  percentages  (Series  D,  II  H)  indicates  that  the 
inorganic  sulphur  was  not  disturbed  by  the  use  of  sodium  benzoate, 
for  during  t^e  fore  period  the  average  percentage  of  the  inorganic 
sul{^ur  was  SO  per  cent  of  the  total  sulphur ;  during  the  low  benzoate 
period,  7S.2  per  cent ;  during  the  high  benzoate  period,  S0.5  per 
cent;  and  durii^  the  after  period  SI  per  cent. 


The  average  daily  excretion  of  ethereal  sulphur  for  the  fore  period 
was  0.052  gram  (Series  B,  II  H) ;  for  the  low  benzoate  period,  0.058 
gram;  for  the  high  benzoate  period,  0.063  gram;  and  for  the  after 
period,  0.052  gram.  The  rise  from  the  fore  period  to  the  b^ozoate 
periods  is  so  small  that  it  can  not  be  regarded  as  possessing  any  sig- 
nificance. Nevertheless  the  fall  in  the  after  period  to  precisely  the 
same  average  level  as  that  during  the  fore  period  is  an  indication  that 
the  ethereal  sulphates  were  slightly  increased  during  each  of  the  ben- 
zoate periods,  presumably  through  the  slight  increase  in  the  intestinal 
putrefaction.  The  percentages  (Series  D,  II H)  relating  to  the  ethereal 
sulphur  simply  confirm  the  remarks  just  made  on  the  basis  of  the 
actual  output  of  ethereal  sulphur.  The  slight  rise  in  ethereal  sul- 
phur during  the  benzoate  periods  is  reflected  also  in  the  ratio  exist- 
ing between  inorganic  and  ethereal  sulphur.  These  changes  are  no 
greater  than  the  fluctuations  noted  in  health  and  are  well  within 
normal  limits.  There  is  no  reason  to  ascribe  them  to  the  use  of 
sodium  benzoate. 


The  average  daily  output'  of  neutral  sulphur  for  the  fore  period  was 
0.147  gram  (Series  B,  II  H);  for  the  low  benzoate  period,  0.167  gram; 
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for  the  high  benzoste  period,  0.165  gram;  for  the  after  period,  0.158 
gram.  These  figures  point  to  a  very  sUght  rise  in  the  neutral  sulphur 
during  the  benzoate  period — a  rise,  however,  well  within  the  limits  of 
the  normal  and  probably  devoid  of  physiological  significance.  The 
averse  percentages  of  the  neutral  sulphur  for  the  fore,  low  benzoate, 
high  braizoate,  and  after  periods,  are  14.9  per  cent,  16.2  per  cent, 
14.1  percent,  and  14.3  per  cent  of  the  total  sulphur  (Series  D,  II H). 


The  table  givii^  the  average  daily  excretion  of  phosphorus  in  the 
form  of  phosphates  shows  an  averse  value  of  1.12  grams  daily  for  the 
fore  period  (Series  B,  11  H) ;  l.lfl  grams  for  the  low  benzoate  period ; 
1.36  grams  for  the  high  benzoate  period;  and  1.26  grams  for  the 
after  period.  These  shght  variations  in  the  phosphorus  output  for 
the  difierrait  periods  are  well  within  the  physiological  linuts. 


There  was  in  this  case  a  moderate  but  distinct  rise  in  the  intensity 
of  the  indican  reactions  during  ihe  high  benzoate  period  (Series  A, 
n  H).  There  is  no  reason  to  regard  the  rise  in  Indican  as  possibly 
dependent  on  an  increased  intake  of  protein  during  this  period,  as 
the  protein  intake  (see  Series  F,  II  H)  was  nearly  uniform  with 
the  period  preceding  the  high  benzoate.  Nor  is  there  any  reason  to 
think  that  the  increase  of.  indican  was  dependent  on  any  alteration 
in  the  quaUty  of  the  protein  ingested,  as  the  diet  tables  do  not  sup- 
port any  such  view.  The  possibility  that  the  indican  was  increased 
as  the  result  of  using  considerable  doees  of  sodium  benzoate  must 
be  admitted. 

INDOL  ACETIC   ACn>. 

Frequent  examinations  were  made  for  the  presence  of  indolacetic 
acid.  It  was  found  to  be  present  at  all  times.  The  reactions  were 
commonly  strong  but  hardly  pathological.  There  was  no  evidence 
that  the  color  reactions  for  indolacetic  acid  in  the  urine  were  in 
any  way  influenced  by  the  ingestion  of  sodium  benzoate. 


Frequent  examinations  were  made  for  the  presence  of  aromatic 
oxyacids.  Strong  color  reactions  were  obtainable  at  nearly  all  times 
during  the  experiment,  but  these  reactions  were  hardly  of  patho- 
logical intensity.  There  was  no  evidence  that  the  color  reactions  for 
aromatic  oxfiicids  of  the  urine  were  in  any  way  influenced  by  the 
ingestion  of  sodium  benzoate. 
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CHLORINE   AS  SODIUM   CBLOBIDB. 

During  the  fore  period  the  average  daily  excretion  of  chlorine 
(calculated  as  sodium  chloride)  was  10.2  grains  (Series  B,  II H) ; 
during  the  low  foenzoate  period,  12.7  grams;  during  the  high  ben- 
zoate  period,  13.6  grams;  and  during  the  after  period,  12.2  grams. 
The  rise  from  the  fore  period  to  the  low  benzoate,  the  high  benzoate, 
and  the  after  periods,  is  clearly  referable  to  increased  appetite  and  has 
its  explanation  in  a  shght  change  in  the  food  ingested  during  these 
periods. 

THE    FECES. 


The  average  daily  weight  of  the  fresh  feces  for  the  fore  period  was 
124.1  grams  (Series  B,  11  H);  for  the  low  benzoate  period,  131.6 
grams;  for  the  high  benzoate  period,  121.1  grams;  and  for  the  after 
period,  116.7  grams.  These  variations  are  too  small  to  be  in  any 
way  significant,  and  need  not  be  further  discussed. 


The  average  daily  weight  of  the  dried  feces  for  the  fore  period  was 
23.6  grams;  for  the  low  benzoate  period,  27.2  grams;  for  the  high 
benzoate  period,  2S  grams;  and  for  the  after  period,  25.3  grams. 
The  slight  rise  in  the  weight  of  the  dry  feces  which  is  observable  in 
the  benzoate  periods  and  the  after  period  is  due  to  the  slight  increase 
in  food  which  has  been  already  mentioned. 


The  average  percenter  of  water  of  the  fresh  feces  for  the  fore 
period  was  81 ;  for  the  low  benzoate  period,  79.3;  for  the  high  ben- 
zoate period,  76.9;  and  for  the  after  period,  78.3.  The  variations 
in  the  water  content  of  the  feces  are  unimportant  and  require  no 
comment. 


The  average  total  nitrogen  of  the  dried  feces  for  the  fore  period 
amounted  to  1.29  per  cent  (Series  F,  II  H);  for  the  low  benzoate 
period,  to  1.41  per  cent;  for  the  high  benzoate  period,  to  1.51  per 
cent;  for  the  after  period,  to  1.56  per  cent.  These  results  vary  with 
the  intake  of  nitrogen  of  the  food  and  are  within  the  limits  of  normal 
variation. 


The  average  daily  weights  of  the  ethereal  extracts  of  the  dried 
feces,  including  the  fatty  acids  of  the  soaps,  for  the  various  periods 
are  as  follows  (Series  G,  II II):  For  the  fore  period,  3.84  grams;  for 
the  low  benzoate  period,  5.50  grams;  for  the  high  benzoate  period, 
6.27  grams;  for  the  after  period,  6.67  grams. 
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FAT  BAI.ANCE. 

Ilie  features  of  the  fat  intake  and  output  which  call  for  comment 
are  the  same  as  those  mentioned  under  Case  I  It,  viz: 

THE  DAILT  WBBAGB   INTAKE   OP  FAT, 

It  is  noteworthy  in  this  case  that  the  total  daily  intake  of  fat  was 
considerably  less  in  the  fore  period  than  in  any  of  the  subsequent 
periods  (Series  G,  II  H),  During  the  fore  period  the  average  daily 
intake  was  100.5  grams;  during  the  low  benzoate  period,  142.2  grams; 
during  the  high  benzoate  period,  131.4  grams;  and  during  the  after 
period,  151.1  grams. 

THE  PBBCENTAOES  OF    NEUTRAL   FATS,  FREE  FATTY  ACIDS,  AND  FATTY 
ACIDS   OF   SOAPS    IN    THE    FECES    AT   DIFFERENT    PEBIODS. 

If  we  compare  the  percentages  of  neutral  fats,  free  fatty  acids,  and 
fatty  acids  of  soaps  in  the  feces  for  the  different  experimental  periods, 
we  see  that  they  show  only  moderate  variations,  all  of  which  are  well 
within  the  hmits  observed  in  normal  persons.  The  variations  observed 
are  too  small  and  too  irregular  to  suggest  that  they  are  related  to  the 
use  of  sodium  benzoate. 

THE   AVERAGE   FERCENTAQE    OF    TOTAL    FATS    ABSORBED    FROM    THE 
DIQBSTIVE  TRACT  (bUBNED  OR  ASSIMILATED). 

The  average  percentages  of  total  fats  absorbed  from  the  digestive 
tract  for  the  various  periods  were  as  foDows:     (Series  G,  II  H.) 

Fore  period 96.7 

Low  benzoate  period 96.1 

High  benzoate  period 95.6 

After  period 95. 6 

The  correspondence  in  fat  absorption  for  the  different  periods  is 
so  close  as  to  exclude  the  possibility  of  deducing  from  these  'figures 
any  disturbing  influences  of  the  benzoate  taken  upon  the  fat  absorp- 
tion either  during  the  low  period  or  the  high  period. 

OBHERAX.  URINAIIT  EXAMZNATIOH. 

ALBUMIN. 

At  no  time  in  the  course  of  the  experiment  could  albumin  be 
detected  in  the  urine,  even  in  traces.  Examinations  were  made  v/ith 
great  h^quency  and  regularity. 

SUGAR. 

At  no  time  in  the  course  of  the  experiment  could  sugar  be  detected 
in  the  urine.  Examinations  were  made  with  great  frequency  and 
regularity. 
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BBDIMBNTB. 

Calcium  oxalate  and  epithelial  c«lls  were  frequently  noted  in  the 
urinary  sediments.  Urates  were  rarely  observed.  Fhosphatea  were 
frequently  seen.     Casts  were  not  seen. 

Epithelial  cells,  leucocytes,  and  crystalline  sedimente  were  not 
noted  more  frequently  during  the  benzoate  periods  than  during  the 
fore  and  after  periods. 

The  urines  were  well  preserved  in  a  cool  place,  were  examinAl 
within  twenty-four  hours  after  being  passed,  and  were  subjected  to 
frequent  and  regular  microscopical  examinations. 

SFXCIAL  ITBIHAST  EXAMINATION  VOB.  BENZOIO  AOID. 

During  the  high  benzoate  period  the  urine  was  subjected  to  chem- 
ical procedures  designed  to  detect  the  presence  of  benzoic  acid  or 
benzoates.  It  was  impossible  to  detect  the  presence  of  benzoic  acid 
in  the  urine. 

SFBOIAI.  CHEHICAIi  EZAUITATION  OF  THE  FECES. 

The  data  relating  to  the  feces,  comprised  under  the  above  title 
pertain  to  the  reaction,  the  color,  the  consistence,  the  mercuric  chlo- 
ride reaction  for  hydrobilinibin,  the  p-dimethylamido-benzaldehyde 
reaction  for  indol  and  skatol,  and  the  quantitative  detennination  of 
hydrogen  sulphide. 

The  reaction  of  the  feces  was  sometimes  acid  to  Ubmus,  some- 
times neutral,  but  generally  alkaline.  The  reaction  does  not  appear 
to  have  been  influenced  by  the  ingestion  of  sodium  benzoate. 

The  color  of  the  feces  was  usually  brown,  sometimes  greenish  or 
grayish.  At  times,  owing  to  the  ingestion  of  lampblack  or  charcoal, 
for  purposes  of  demarcation,  the  stools  were  black  or  very  dark. 
The  color  of  the  feces  appears  to  have  been  uninfluenced  by  the  taking 
of  sodium  benzoate. 

The  consistence  of  the  feces  varied  usually  within  normal  limits. 
There  were  a  few  diarrheal  stools.  The  daily  variations  in  the  water 
content  of  the  feces  may  be  found  in  the  tables  relating  to  Case  II  H, 
Series  A.  The  taking  of  sodium  benzoate  apparently  stands  in  no 
causal  relation  to  the  consistence  of  the  feces. 

The  reaction  for  hydroiUiruhin  was  usually  slight  and  only  occa- 
sionally strong.  The  different  periods  of  the  experiment  show  no 
distinct  differences  in  the  intensity  of  this  reaction.  There  is  no 
indication  that  this  reaction  has  been  in  this  case  influenced  either 
by  the  benzoate  of  the  low  period  or  by  the  benzoate  of  the  high 
period. 

The  reaction  for  indol  was  usually  slight  or  moderate,  occasionally 
strong.     The   reactions   appear   to   have   been   of   about   the   same 
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average  grade  of  intensity  in  all  the  periods,  yet  the  record  of  strong 
reactions  is  somewhat  more  frequent  for  the  high  benzoate  period  than 
for  the  other  periods.  It  must  be  admitted  that  there  is  a  possibility 
that  these  relatively  strong  reactions  have  been  in  some  way  occa- 
sioned by  the  large  doses  of  sodium  benzoate.  While  these  reactions 
are  not  of  such  intensity  as  to  indicate  a  pathological  degree  of  putre- 
faction, they  may  possibly  be  indicative  of  a  tendency  to  physiolog- 
ical variations  in  an  undesirable  direction. 

HYDROQEN    SULPHIDE. 

Quantitative  determinations  were  made  of  the  hydrogen  sulphide 
content  of  the  feces  from  September  5  to  the  end  of  the  experiment 
(Series  I,  II  H).  The  figures  obtained  in  the  present  instance  fall 
well  within  the  limits  of  the  normal.  They  indicate  only  small  per- 
centages of  hydrc^en  sulphide,  both  in  the  high  benzoate  period 
and  in  the  after  period.  We  are  thus  justified  in  concluding  that  the 
fixation  of  hydn^en  8ulphid£  in  the  feces  in  this  subject  was  not 
influenced  by  the  use  of  large  doses  of  sodium  benzoate. 

Note. — In  addition  to  this  chemical  examination,  the  feces  were 
subjected  to  microscopic  study,  to  determine  whether  there  were  any 
alterations  in  their  character  indicating  a  diminished  absorption  of 
foodstuffs  (e.  g.,  meat  fiber,  fata,  etc.)  during  the  benzoate  periods. 
No  changes  of  this  character  were  detectable.  Moreover,  no  increase 
in  mucus  was  observable  and  no  increase  in  cellular  elements  (includ- 
ing leucocytes)  derived  from  the  intestinal  wall. 

BAOTEBIOLOOIOAI.  EXAMINATIOH  OF  THE  TBOES. 

The  bacteriological  study  of  the  feces,  by  the  methods  employed 
in  that  investigation  (see  corresponding  section  of  Case  I B),  yielded 
the  following  results: 

(1)  The  feces  in  the  benzoate  periods  showed  no  determinable 
changes  in  bacterial  flora  as  compared  with  the  fore  period  and  the 
after  period,  especially  no  definite  change  in  respect  to  organisms  of 
the  B.  coli  and  B.  laciis  aerogenes  types,  or  in  respect  to  bacteria  of 
the  B.  aerog'mes  capsvlaius  types.  A  definite  increase  in  coccal  types 
was  not  determinable  in  Gram-stained  fields  and  plating  methods 
were  not  employed  in  their  connection. 

(2)  During  the  high  benzoate  period  there  was  an  increase  in 
the  numbers  of  coccal  oi^anisms  growing  in  dextrose-bouillon  fer- 
mentation tubes  inoculated  with  the  mixed  fecal  flora.  This  increase 
in  coccal  forms  coincided  with  the  period  in  which  was  observed 
a  diminution  in  the  gas  production  by  the  mixed  fecal  flora. 

(3)  The  extent  of  this  diminution  in  the  gas  production  by  the 
mixed  fecal  flora  is  represented  in  Series  K,  II H,  which  shows  well 
the  degression  in  gas  formation  incidental  to  the  high  benzoate  period 
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and  aJfio  the  prompt  recorery  in  gas  production  after  the  cessation  of 
the  benzoate. 

(4)  In  this  case  the  fermentation  tube  sediments  showed  fre- 
quently the  presence  of  moderate  numbers  of  ot^anisms  of  the 
B.  hifidus  type.  They  apparently  bore  no  relation  to  the  benzoate 
intake.  The  presence  of  this  type  of  bacteria  in  moderat«  numbers 
is  not  rare  in  adults,  and  is  to  be  legarded  as  physiological. 

OALOAIO  TALUBS  OP  THB  FOOD8TUPFB. 

In  Case  II  H  the  daily  average  for  the  caloric  value  of  the  food 
ingested  was  as  follows:  (Series  H). 

Calories. 

For  the  fore  period 2,470 

For  the  low  beozoate  period 3,311 

For  the  hi^  beiizoat«  period 3,244 

For  the  after  period 3, 274 

The  calories  for  the  fore  period  are. rather  low  for  a  man  of  con- 
siderably more  than  average  weight,  but  the  caloric  values  of  the 
food  for  the  remaining  periods  are  adequate  for  such  a  person  leading 
an  indoor  life,  with  only  moderate  muscular  exertion. 

SPECIAL  CLimOAL  DATA. 


The  variations  in  weight  in  Case  II  H  are  readily  seen  from  the  in- 
spection of  the  chart  (Series  J,  II  H)  where  th^y  are  graphically 
represented.  The  fall  in  weight  during  the  middle  of  July  and 
again  during  the  end  of  August  is  probably  to  be  connected  with  the 
digestive  disorders  already  mentioned.  What  should  be  especially 
noted  is  the  fact  that  the  weight  of  the  subject  rose  during  the  high 
benzoate  period.  Taking  the  experimental  period  as  a  whole,  it 
shows  a  distinct  rise  in  the  weight  of  the  subject.  (See  also  Series  A, 
II H.) 

EXAMINATION    OF   THE    BLOOD. 


The  hemoglobin  curve  (Series  L,  Chart  III)  in  this  case  shows  some 
irregularities,  but  on  the  whole  a  tendency  to  a  rise  in  the  hemoglobin 
percentage.  An  injurious  influence  from  the  ingestion  of  benzoate 
can  not  be  detected. 

BSD   BLOOO   CELLS. 

The  red  blood  cell  counts  show  no  important  alterations  in  the  vari- 
ous periods.  The  curve  shows  that  the  normal  counts  of  the  fore 
period  are  maintained  throughout  the  experiment.  No  inSuence  from 
the  benzoate  is  discernible  in  this  curve.     (Series  L,  Chart  III.) 
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WHITB    BLOOD  CSLLfi. 

The  white  blood  cells  show  considerable  Buctuations  in  numbers,  but 
the  variations  shown  by  the  curve  fall  within  physiological  limits. 
Comparing  this  curve  with  the  curves  from  the  other  subjects  we  find 
no' sign  .of  any  characteristic  referable  to  the  action  of  benzoatc. 
(Series  L,  Chart  ni.) 

The  differential  leucocyte  couTit  shows  only  variations  within  phys- 
iological limits.     (Series  L,  Charts  I  and  II.) 

FREE   HTDROCHLOBIC   ACID. 

The  curve  showing  the  course  of  the  gastric  secretion  of  free  hydro- 
chloric acid  reveals  a  slight  rise  during  the  low  benzoate  period  and 
a  considerable  rise  during  the  high  benzoate  period.  Comparison 
with  similar  curves  from  the  remaining  subjects  indicates  that  this 
rise  of  hydrochloric  acid  in  the  high  benzoate  period  was  a  charac- 
teristic occurrence.     (Series  L,  Chart  III.) 

STTHMAAY  OF  OONCLtTSIONS  REI^TIVB  TO  CASE  n  H. 

In  stating  the  conclusions  derivable  from  this  investigation  rela- 
tive to  the  action  of  sodium  benzoate  on  the  human  body,  it  is  nec- 
essary to  distinguish  between  the  effects  of  small  doses  (under  0.5 
gram  daily)  and  the  effects  of  lai^e  doses  (over  0.5  gram  daily). 

ACTION    OF    SHALL    DOSES   OF    SODIUM    BBNZOATB. 

It  may  he  stated  that  no  action  from  small  doses  of  sodium  ben- 
zoate was  detectable  by  the  methods  employed  in  this  investigation 
in  respect  to  the  following  features: 

(1)  Thegeneral  health  of  the  subject,as  indicated  by  thesubjec- 

tive  and  objective  signs. 

(2)  The  composition  of  the  urine  (with  one  exception,  viz,  the 

physiological  effect  on  the  hippuric  acid  excretion). 

(3)  The  composition  of  the  feces. 

(4)  The  absorption  of  fats  and  the  fat  balance. 

(5)  The  character  of  the  bacteria  of  the  intestinal  tract. 

(6)  The  weight  of  the  body. 

(7)  The  hemoglobin  of  the  blood. 

(8)  The  red  blood  cells. 

(9)  The  white  blood  cells. 

The  observed  rise  in  hippuric  acid  of  the  urine  was  sncb  as  to 
he  expected  from  the  well-known  metabolism  of  benzoic  acid  in  the 
animal  organism. 
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ACTION    OF    LABOE    D08ES    OF   SODIUM    BENZOATE. 

It  niaj  be  stated  that  no  defmite  physiolo^cal  consequeneea  of 
large  doses  of  sodium  benzoate  were  detectable  by  the  methods 
employed  in  this  investigation,  except  in  the  following  respects: 

(1)  There  was  a  considerable  or  lai^  rise  in  the  hippuric  acid 
excretion,  such  as  would  be  exp)ected  from  the  doaee  of  sodium 
beozoete  ingested. 

(2)  There  was  an  increase  of  the  indican  of  the  urine,  not  great 
but  unmistakable.  This  rise  is  possibly  attributable  to  an  action 
of  the  sodium  benzoate — perhaps  a  slight  irritant  action  in  the  gastro- 
enteric tract,  so  altering  the  secretions  and  bacteria  as  to  favor 
intestinal  putrefaction.  The  behavior  of  the  ethereal  sulphates  indi- 
cat«s  that  the  rise  in  intestinal  putrefaction  is  slight. 

(3)  There  was  a  depression  of  the  gas-producing  function  of  the 
mixed  fecal  bacteria  in  dextrose  bouillon. 

(4)  There  was  a  moderate  but  apparently  unmistakable  rise  in 
the  proportion  of  coccal  bacteria  observed  in  the  fermentation  tube 
sediments  derived  from  the  inoculation  of  the  mixed  fecal  flora. 

(5)  There  was  a  distinct  rise  in  the  free  hydrochloric  acid  of  the 
gastric  juice. 

CASE  m  0. 
OENXKAI.  KEDICAL  NOTES. 

The  subject  of  this  experiment,  a  laboratory  worker,  was  43  years 
of  age,  in  good  health,  and  of  good  and  r^ular  habits.  During  pre- 
vious summers  his  weight  had  remained  practically  uniform,  with 
only  occasional  slight  digestive  disorders.  He  remained  in  excellent 
condition  throughout  the  course  of  the  experiment,  despite  the  fact 
that  he  was  obUged  to  lead  an  unusually  active  and  tiring  life. 
There  were  no  digestive  or  nervous  disorders  at  any  time.  There 
was,  on  the  contrary,  some  improvement  in  general  condition  toward 
the  end  of  the  experiment,  at  the  time  of  the  high  benzoate  period. 

This  case  differs  from  cases  I  B  and  IV  L  in  that  the  dosage  of 
sodium  benzoate  during  the  low  benzoate  period  is  higher  than  in 
either  of  these  cases,  the  amount  of  sodium  benzoate  taken  during 
the  low  benzoate  period  being  0.45  gram  throughout  the  greater  part 
of  the  period,  resembling  in  this  regard  Case  II H.  Moreover,  in  this 
case  the  low  benzoate  period,  lasting  fifty-three  days,  was  immediately 
preceded  by  a  period  of  seven  days  during  which  the  subject  took 
daily  0.6  gram  of  sodium  benzoate.  It  has  arbitrarily  been  agreed 
in  these  experiments  to  regard  dosages  under  0.5  gram  as  small 
doses,  and  doses  of  over  0.5  gram  as  large  doses;  but  since  the  period 
during  which  0.6  gram  daily  was  given  lasted  only  seven  days,  there 
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is  no  objection  to  fusing  this  period  with  the  subsequent  period  of 
fifty-three  days  and  considering  the  results  in  their  entirety  for  this 
period. 

AHALTTICAX.  DATA  RBLATINa  TO  THE  UBINB  AND  FECES. 
THE   UBINE. 


The  daily  volume  of  the  urine  (Series  A,  III  O)  varied  between 
915  and  2,530  c.  c.  For  reasons  similar  to  those  already  mentioned 
in  connection  with  the  urinary  volume  in  the  other  experimental 
subjects,  it  is  not  possible  to  attribute  signiiicance  to  the  urinary 
volume  in  relation  to  the  present  investigation. 


The  specific  gravity  (Series  A,  III  O)  varied  between  1.016  and 
1.029.  The  variations  have  no  significance  in  relation  to  the  present 
investigation. 


The  average  daily  total  nitrogen  of  the  urine  during  the  fore 
period  of  thirty  days  amounted  in  this  subject  to  12.89  grams 
(Series  B,  III  O) ;  for  the  low  benzoate  period,"  to  14.5  grams;  for 
the  high  benzoate  period,*  to  14.95  grams;  for  the  after  period  (four- 
teen days),  to  14.28  grams.  The  variations  in  the  total  nitrogen  in 
this  case,  therefore,  are  small.  The  sUght  rise  observed  in  the  ben- 
zoate and  after  periods  is  explicable  by  the  greater  amount  of  nitro- 
genous food  ingested. 

NTTROOBN    BALA  MCE. 

The  data  relating  to  tlie  nitrogen  balance  in  this  case  are  given 
in  table  (Series  F,  III  O).  They  show  very  narrow  variations  in  the 
average  daily  nitrogen  balance  for  the  different  periods.  Thus,  for 
the  fore  period  we  see  a  negative  balance  (i.  e.  a  lesser  nitrogen 
intake  than  output)  of  O.U  gram;  for  the  low  benzoate  period  a 
n^ative  balance  of  0.26  gram;  for  the  high  benzoate  period  a  posi- 
tive balance  of  0.96  gram;  for  the  after  period  a  positive  balance 
of  0.24  gram. 

The  daily  nitrogen  intake  with  the  food  for  the  various  periods 
is  as  follows: 

Fore  period , 14  OG 

Low  benzoate  period 15. 83 

High  benzoate  period 18.67 

After  period 16.66 

o  The  lengtll  of  this  period,  ueing  tho  lomi  ii>  Ihr  nentw'  mpiitinncd  above,  was  tajity 
b  The  duration  of  tbie  period  wa«  thirty  daya. 
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There  is  no  evidence,  derivable  from  data  given  in  this  table,  that 
there  was  any  disturbance  in  nitrogenous  metabolism  during  any  of 
the  periods  of  this  experiment. 


If  we  consider  the  nitrogen  of  urea  in  percentages  of  the  total 
nitrogen,  we  find  that  the  average  nitrogen  of  urea  for  the  fore  period 
amounted  to  79.7  per  cent  of  the  total  nitrogen  (Series  D,  III  O) ;  for 
the  low  benzoate  period,  to  81.9  per  cent;  for  the  high  benzoate 
period,  to  82,6  per  cent;  and  for  the  after  period,  to  81.5  per  cent. 
These  variations  are  so  slight  that  they  call  for  no  comment.  They 
show  no  indication  of  any  disturbance  referable  to  the  use  of  sodium 
benzoate. 


The  daily  average  excretion  of  nitrogen  of  ammonia  for  the  fore 
period  was  0.90  gram  (Series  B,  III  O) ;  for  the  low  benzoate  period, 
0.90  gram;  for  the  high  benzoate  period,  0.74gram,  and  for  the  after 
period,  0.82  gram.  These  variations  are  all  well  within  the  physio- 
Ic^cal  limits.  Looking  at  the  nitrogen  of  ammonia  from  the  stand- 
point of  percentages  (Series  D,  III  O)  we  find  that  for  the  fore  period 
the  average  nitrogen  of  ammonia  amounted  to  7  per  cent  of  the  total 
nitrogen;  for  the  low  benzoate  period,  to  6.2  per  cent;  for  the  high 
benzoate  period,  5  per  cent;  for  the  after  period,  5.7  per  cent.  The 
variations  here  are  very  small,  and  of  course  he  well  within  the  range 
of  fluctuations  observed  under  physiological  conditions. 


In  regard  to  the  purin  nitrogen  (Series  B,  III  O)  we  find  for  the 
fore  period  a  daily  average  of  0.26  gram;  for  the  low  benzoate  period, 
0.24  gram;  for  the  high  benzoate  period,  0.26  gram;  for  the  after 
period,  0.25  gram.  The  variations  are  extremely  small,  and  both 
these  variations  and  the  total  quantities  excreted  fall  within  the  limits 
of  the  normal.  R^arding  the  purin  nitrogen  from  the  standpoint 
of  percentages  of  the  total  nitrogen  (Series  D,  III  O)  we  find  that 
for  the  fore  period  the  averse  purin  nitrogen  was  2  per  cent  of  the 
total  nitrogen;  for  the  tow  benzoate  period,  1.7  per  cent;  for  the 
high  benzoate  period,  1.7  per  cent;  for  the  after  period,  1.8  per  cent. 


The  average  daily  excretion  of  nitrogen  of  uric  acid  (Series  B,  III  O) 
during  the  fore  period  was  0.19  gram;  during  the  low  benzoate 
period,  0.20  gram;  during  the  high  benzoate  period,  0.20  gram;  dur- 
ing the  after  period,  0.19  gram.  There  is  here  a  noteworthy  degree 
of  consistency  in  the  uric  acid  excretion  as  expressed  in  the  averages 
for  the  various  periods.     A  consideration  of  the  uric  acid  excretion 
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in  terms  of  percentages  (Series  D,  III  O)  shows  the  same  noteworthy 
uniformity,  for  during  the  fore  period  the  average  uric  acid  nitrogen 
was  1.4  per  cent  of  the  total  nitrogen;  during  the  low  benzoate 
period,  1.3  per  cent;  during  the  high  benzoate  period,  1.4  per  cent; 
during  the  after  period,  1.4  per  cent. 


The  average  daily  creatinin  nitrogen  (Series  B,  III  O)  output  during 
the  foreperiod  amounted  to  0.45gram;  during  thelow benzoate  period, 
to0.53gram;  during  the  high  benzoate  period,  to  0.59  gram;  duringthe 
after  period,  to  0.59  gram.  In  terms  of  percentages  (Series  D,  III  O) 
the  average  creatinin  nitrogen  for  the  difTerent  periods  is  as  follows: 
For  the  fore  period,  3.5  per  cent  of  the  total  nitrogen;  for  the  low 
benzoate  period,  3.7  percent;  for  the  high  benzoate  period,  4per  cent; 
for  the  after  period,  4.2  per  cent.  We  note,  then,  a  sUght  rise  in 
creatinin  during  both  benzoate  periods,  and  this  rise  is  maintained 
during  the  after  period.  The  slight  increase  is  probably  to  be 
attributed  to  a  slight  increase  in  the  intake  of  meat  food. 


The  average  daily  excretion  of  nitrogen  of  hippuric  acid  (Series  B, 
III  O)  for  the  fore  period  was  0.07  gram ;  for  the  tow  benzoate  period, 
O.lSgram;  forthebighbenzoateperiod,0.33gram;  for  the  after  period, 
0.10  gram.  The  rise  in  hippuric  acid  is  of  course  dependent  on  the 
intake  of  benzoic  acid.  Theinfluence  of  this  intake  on  thehippuricacid 
output  is  indicated  in  a  special  table  (Series  E,  III  O).  Reference  to 
this  table  shows  that  the  benzoic  acid  calculated  from  the  average 
daily  amount  of  sodium  benzoate  ingested  amounted  to  0.3961  gram. 
The  daily  average  increase  of  benzoic  acid  calculated  from  the  nitro- 
gen of  the  hippuric  acid  excreted  in  the  urine  for  this  same  period 
amounted  to  0.600  gram.  The  calculated  amount  is  thus  in  excess 
of  the  actual  amount  ingested.  This  increase  may  be  due  in  part  to 
an  actual  increase  in  hippuric  acid  during  the  low  benzoate  period, 
dependent  on  an  increased  consumption  of  protein  food.  During  the 
high  benzoate  period  the  average  moiety  of  benzoic  acid  ingested 
amounted  to  1.573  grams  daily.  The  average  daily  amount  calcu- 
lated from  the  nitrogen  of  hippuric  acid  excreted  for  the  same  period, 
and  referable  to  the  ingested  sodium  benzoate  is  1.86  grams.  Here 
also  there  is  a  moderate  excess  in  the  calculated  amount  as  com- 
pared with  the  quantity  ingested,  and  this  can  probably  be  regarded 
as  being  due  in  part  to  increased  intake  of  protein  material. 


IINDBTBRUINKD    NITROOEN. 


The  daily  average  of  undetermined  nitrogen  excreted  for  the  fore 
period  amounted  to  0.88  gram  (Series  B,  III  O) ;  for  the  low  benzoate 
period  to  0.80  gram;  for  the  high  benzoate  period  to  0.67  gram;  for 
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the  after  period  to  0.87  gram.  In  this  case  there  was  a  fall  in  the 
undetermined  nitrogen  during  the  high  benzoato  period.  As  the 
undetermined  nitrogen  is  obtained  by  difference,  this  variation,  as 
already  pointed  out,  possesses  no  signiiicance  in  itself. 


The  average  daily  total  output  of  sulphur  for  the  fore  period  was 
0.969  gram  (Series  B,  III  O);  for  the  low  benzoate  period,  1.060 
grams;  for  the  high  benzoate  period,  1.044  grams;  for  the  after  period, 
1.003  grams.  Ilie  variations  here  are  too  slight  to  make  any  com- 
ment necessary. 

INOBQUtlc  H0LPBtr», 

The  daily  average  excretion  of  inoT^anic  sulphur  for  the  fore  period 
amounted  to  0.729  gram  (.Series  B,  III  O);  for  the  low  benzoate 
period  to  0.840  gram;  for  the  high  benzoate  period  to  0.825  gram; 
for  the  after  period  to  0.799  gram.  If  we  consider  these  figures 
from  the  standpoint  of  the  percent^es  (Series  D,  III  O)  we  find 
that  the  averse  inorganic  sulphur  is  as  follows:  For  the  fore  period, 
77.0  per  cent  of  the  total  sulphur;  for  the  low  benzoate  period,  79.3 
per  cent;  for  the  high  benzoate  period,  79.1  per  cent;  for  the  after 
period,  79.6  per  cent.  There  is  here  a  noteworthy  uniformity  and 
further  comment  is  unnecessaiy. 


The  daily  averages  of  ethereal  sulphur  are  as  follows :  For  the  fore 
period,  0.070  gram  (Series  B,  III  O) ;  for  the  low  benzoate  period, 
0.076  gram;  for  the  high  benzoate  period,  0.073  gram;  for  the  after 
period,  0.086  gram.  The  variations  in  ethereal  sulphiur  are  too  slight 
to  call  for  comment. 

The  ratio  between  inorganic  and  ethereal  sulphur  is  for  the  fore 
period,  10.6  (Series  D,  III  O);  for  the  low  benzoate  period,  11,3;  for 
the  high  benzoate  period,  11.6;  for  the  after  period,  9.6.  Looking  at 
the  matter  from  the  standpoint  of  the  ratios  we  might  regard  the 
higher  ratios  as  pointing  to  a  slight  fall  in  putrefaction  during  the 
benzoate  periods,  but  the  differences  are  so  slight  that  they  must  be 
considered  as  devoid  of  significance. 

NBUTHAL  BUU-HUB. 

The  average  daily  output  of  neutral  sulphur  for  the  fore  period  was 
0.149  gram  (Series  B,  ITIO);  for  the  low  benzoate  period,  0.145 
gram;  for  the  high  benzoate  period,  0.146  gram;  for  the  after  period, 
0.118  gram.  The  close  correspondence  in  the  output  of  neutral 
sulphur  for  the  fore  period  and  the  benzoate  periods  is  worthy  of 
note. 
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PBOSPHATS    PHOSFHOBOe. 


The  daily  average  output  of  phoephorus  in  the  form  of  phosphates 
for  the  fore  period  amounted  to  0.91  gram  (Series  B,  III  O) ;  for  the 
low  benzoate  period,  to  1.05  grama;  for  the  hi^  benzoate  period,  to 
1.04  gmma;  for  the  after  period,  to  1  gram.  These  variationa  are 
well  within  the  normal  limits. 


The  indican  reactions  in  this  case  showed  a  moderate  rise  in  their 
intensity  during  the  high  benzoate  period  (SeriesA,  III  O).  Aa  the 
protein  intake  for  this  period  was  somewhat  higher  than  for  any 
other  period,  the  rise  in  the  indican  is  possibly  attributable  to 
increased  intestinal  putrefaction  due  to  this  cause,  but  it  is  possible 
that  the  increased  intensity  of  the  reactions  was  in  someway  dependent 
on  the  high  dosage  with  sodium  benzoate. 


Frequent  examinations  were  made  for  the  presence  of  indolacetic 
acid.  It  was  foimd  to  be  present  at  all  times.  The  reactions  were 
commonly  strong,  but  hardly  pathological.  There  was  no  evidence 
that  the  color  reactions  for  indolacetic  acid  in  the  urine  were  in  any 
way  influenced  by  the  ingestion  of  sodium  benzoate. 


Frequent  examinations  were  made  for  the  presence  of  aromatic 
oxyacids.  Strong  color  reactions  were  obtainable  at  nearly  all  times 
during  the  experiment,  but  these  reactions  were  hardly  of  pathological 
intensity.  There  was  no  evidence  that  the  color  reactions  for  aro- 
matic oxyacids  in  the  urine  were  in  any  way  influenced  by  the  inges- 
tion of  sodium  benzoate. 


During  the  fore  period  there  was  a  daily  average  excretion  of  chlo- 
rine (calculated  as  sodium  chloride)  amounting  to  11.7  grams  (Series 
B,IIIO);  for  the  low  benzoate  period,  13.5  grams;  for  the  high  ben- 
zoate period,  14.6  grams,  and  for  the  after  period,  12.9  grams.  A 
alight  rise  is  thus  observable  during  the  benzoate  periods,  due  to  the 
increased  use  of  salt  with  the  food,  and  this  may  he  regarded  as  an 
indication  of  somewhat  increased  appetite  and  corresponding  increase 
in  the  food  taken. 

THE    FECES. 


The  weight  of  the  fresh  feces  for  the  fore  period  showed  a  daily 
average  of  100.6  grams  (Series  B,  III  O);  for  the  low  benzoate  period, 
143.2  grams;  for  the  high  benzoate  period,  128.4  grams,  and  for  the 
after  period,  125.4  grams. 
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The  dried  feces  showed  an  average  daily  weight  of  19.4  grams  for 
the  fore  period  (Series  B,  III  O) ;  25.6  grams  for  the  low  henzoate 
period;  24.9  grams  for  the  high  henzoate  period,  and  23.1  grams  for 
the  after  period.  A  definite  rise  in  the  average  weight  of  the  dried 
feces  corresponds  to  the  increased  intake  of  food  during  the  henzoate 
periods  and  the  after  period. 


The  average  percentage  of  water  of  the  fresh  feces  for  the  fore  period 
Was  80.7  (Series  B,  III  O) ;  for  the  low  henzoate  period,  82.1 ;  for  the 
high  henzoate  period,  80,6;  for  the  after  period,  81.5. 


The  average  total  nitrogen  of  the  dried  feces  for  the  fore  period 
amounted  to  1.26  per  cent  (Series  F,  III  O);  for  the  low  henzoate 
period,  to  1,63  per  cent;  for  the  high  henzoate  period,  to  1.62  per 
cent;  for  the  after  period,  to  1.43  per  cent.  These  variations  are 
roughly  parallel  with  the  variations  in  the  intake  of  nitrogen  of  the 
food. 

BTHBRBAL    BXTEACT. 

The  average  daily  weights  of  the  ethereal  extracts  of  the  dried  feces 
including  the  fatty  acids  of  the  soaps  for  the  various  periods  were  as 
follows  (Series  G,  III  O) :  For  the  fore  period,  4.74  grams;  for  the  low 
benzoate  period,  6.26  grams;  for  the  high  henzoate  period,  5.60 
grams;  for  the  after  period,  6.50  grams. 

FAT  BALANCE. 

The  data  relating  to  the  fat  balance  (Series  Q,  III  O)  are  less  full 
in  this  case  than  in  Case  I  R  or  Case  II  H,  the  analyses  having  been 
made  for  certain  periods  only.  There  is  nothing  noteworthy  about 
the  daily  average  intake  of  total  fats  for  the  different  periods  for  which 
the  data  exist,  the  difference  in  the  quantities  being  unimportant. 

The  percentages  of  neutral  fats,  free  fatty  acids,  and  fatty  acids  of 
Soaps  of  the  feces  show  no  important  variations  for  the  different 
periods.  The  afterperiod  shows  a  rise  in  the  percentage  of  free  fatty 
acids  as  compared  with  the  values  for  the  preceding  periods.  This 
rise  is  at  the  expense  of  the  neutral  fats,  to  a  slighter  extent  at  the 
expense  of  the  soaps.  But  as  these  variations  are  well  within  the 
limits  of  the  normal  they  call  for  no  conmient. 

If  we  look  at  the  daily  average  of  the  fat  absorbed,  there  is  evident 
the  same  close  correspondence  for  the  various  periods  that  was 
observable  in  Cases  I  R  and  II H.     The  figures  are  as  follows: 
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Fore  period  (11) 96.5 

low  benw»le  period  (VII) 9&0 

Low  Ixmtoate  period  (X) M.  9 

Higli  benzoito  period  (XIII) M.0 

High  bcMoate  period (XV) ».« 

After  period  (XVII) 93.7 

aEHBBAIr  1TBINABY  XXAJOKATION. 

ALBUMIN. 

At  no  time  in  the  course  of  the  experiment  could  albumin  be 
detected  in  the  urine,  even  in  tracee.  Examinations  were  made  with 
great  frequency  and  regularity. 

aUQAB. 

At  no  time  in  the  course  of  the  experiment  could  sugar  be  detected 
in  the  urine.  Examinations  were  made  with  great  frequency  and 
regularity. 

SEDIMENTS. 

Calcium  oxalate  and  epithelial  cells  were  frequently  noted  in  the 
urinary  sediments,  but  not  more  often  during  the  benzoate  periods 
than  during  the  fore  and  after  periods.  Phosphates  were  frequently 
aeenj  uric  acid  only  occasionally.     Caste  were  not  observed. 

The  urines  were  well  preserred  in  a  cool  place,  were  examined 
within  twenty-four  hours  after  being  passed,  and  were  subjected  to 
frequent  and  regular  microscopical  examination. 

BPBCIAX.  UBINABY  BXAHINATH>M  POB  BBNZOIO  ACID. 

During  the  high  benzoate  period  the  urine  w^  subjected  to  chem- 
ical procedures  to  detect  the  presence  of  benzoic  acidorbenzoates.  It 
was  impossible  to  detect  the  presence  of  benzoic  acid  in  the  urine. 

8FECIAI.  CHEHICAIj  EXAjmrATION  OF  THB  FECBS. 

The  data  relating  to  the  feces  and  comprised  under  the  above  title 
pertain  to  the  reaction,  the  color,  the  consistence,  the  mercuric 
chloride  reaction  for  hydrobihrubin,  the  p-dimethylamido-benzalde- 
hyde  reaction  for  indol  and  skatol,  and  the  quantitative  determination 
of  hydrogen  sulphide. 

Tlie  reaction  of  the  feces  was  commonly  alkaline  to  litmus,  but  at 
times  acid  and  often  neutral.  The  reaction  does  not  appear  to  have 
been  influenced  by  the  ingestion  of  sodium  benzoate. 

The  color  of  the  feces  was  usually  brown,  sometimes  yellow,  occa- 
sionally black  from  lampblack  used  for  demarcation.  The  color  of 
the  feces  appears  to  have  been  uninfluenced  by  the  use  of  sodium 
benzoate. 
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The  couEiisteuce  of  the  feces  varied  within  normal  limits.  Diar- 
rheal movements  were  very  rare.  (The  daily  variations  in  the  water 
content  of  the  feces  may  be  found  in  the  tables  relating  to  Case  III 

0,  Series  A.)  The  taking  of  sodium  benzoate  apparently  had  no 
effect  on  the  consistency  of  the  feces. 

The  hydrohUimbin  reaction  of  the  feces  was  usually  slight,  moderate, 
or  negative,  very  rarely  strong.  The  different  periods  of  the  experi- 
ment show  no  dbtinct  differences  in  the  intensity  dt  this  reaction. 
There  is  no  indication  that  the  reaction  has  been  in  this  case  influ- 
enced by  the  benzoate  whether  taken  in  moderate  doses  or  larger 
doses. 

The  indol  reaction  was  usually  slight  to  moderately  strong,  seldom 
strong.  There- is  no  indication  that  the  intensity  of  this  reaction 
was  in  any  way  influenced  by  the  taking  of  sodium  benzoate,  since 
the  color  reactions  for  the  different  periods  show  litUe  variation. 

BTDBOOBN   BULPHIDB. 

Quantitative  determinations  were  made  of  the  hydrogen  sulphide 
of  the  feces  from  September  5  to  the  end  of  the  experiment  (see  Series 

1,  III  O).  The  figures  obtained  in  the  present  instance  faU  well 
within  the  hmits  of  the  normal.  They  indicate  usually  moderate 
percentages  of  hydrogen  sulphide,  seldom  high  percent^es.  We  are 
justified  in  concluding  that  the  fixation  of  hydrogen  sulphide  in  the 
feces  in  this  subject  was  not  influenced  by  the  use  of  large  doses  of 
sodium  benzoate. 

Note. — In  addition  to  this  chemical  examination  the  feces  were 
subjected  to  microscopic  study  to  determine  whether  there  were  any 
alterations  in  their  character  indicating  a  diminished  absorption  of 
foodstuffs  (e.  g.,  meat  fiber,  fats,  etc.)  during  the  benzoate  periods. 
No  changes  of  this  character  were  detectable.  Moreover,  no  increase 
in  mucus  was  observable  and  no  increase  in  cellular  elements  (including 
leucocytes)  derived  from  the  intestinal  wall. 

BACnCBIOIAOICAL  BZAMINATIOH  OF  THE  PXCX8. 

The  bacteriological  examination  of  the  feces  was  conducted  along 
the  same  lines  as  in  Case  I  R  and  Case  II H.  The  direct  study  of  the 
Gram-stained  feces  showed  no  significant  variations  in  the  flora  of 
the  intestine.  Slight  alterations  in  type  occurred,  but  they  appar- 
ently ranged  within  physiological  limits.  No  changes  were  noted 
that  could  be  brought  into  relation  with  the  ingestion  of  sodium 
benzoate.  On  the  other  hand,  the  study  of  fermentation  tube  sedi- 
ments showed  an  increase  in  the  coccal  types  of  bacteria  as  compared 
with  the  others.  This  increase  in  coccal  forms  corresponded  roughly 
with  the  depression  in  gaa  formation  by  the  mixed  fecal  bacteria, 
which  was  noted  in  this  case.  This  depression  in  tiio  gas  making 
function  of  the  bacteria  is  graphically  given  in  Series  E,  III  O.    It  if 
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worthy  of  notice  that  inunediately  after  the  cessation  of  the  benzo- 
ate  dosage  there  was  a  recovery  of  the  gas  forming  powers  of  the 
fecal  bacteria. 

A  further  experiment  was  conducted  with  great  care  in  this  case 
to  determine  whether  the  depression  in  the  gas  forming  function  of 
the  fecal  flora  was  accidental  or  due  to  the  sodium  benzoate.  The 
subject  was  kept  on  a  very  uniform  diet,  and  while  on  this  diet  he 
took  three  grams  of  sodium  benzoate  daily.  The  use  of  sodium 
benzoate  was  again  followed  by  a  striking  decline  in  the  gas  forma- 
tion by  the  mixed  fecal  flora,  amounting  to  a  complete  extinction  of 
this  function  for  a  time.  There  was,  however,  a  gradual  recovery  of 
this  function  despite  the  continuation  of  the  relatively  high  benzoate 
dosage  mentioned  above. 

In  the  course  of  the  experiment  efforts  were  made  by  Dr.  A.  I,  Ken- 
dall to  detect  any  variations  in  the  nature  of  the  fecal  bacteria  which 
might  appear  in  connection  with  the  use  of  sodium  benzoate.  Aerobic 
and  anaerobic  plate  cultures  were  made  with  this  end  in  view,  but 
no  decisive  results  were  obtained.  No  evidence  was  found  of  a 
decline  in  the  number  of  fecal  bacteria  of  the  B,  cdi  type.  On  the 
other  hand,  there  appeared  a  slight  increase  in  the  numbers  of  the 
coccal  types  of  bacteria  during  the  time  of  the  benzoate  dosage,  but 
this  change  was  not  sufficiently  marked  to  be  certainly  significant. 

It  is  thus  clear  that  large  doses  of  sodium  benzoate  strongly  tend 
to  depress  the  ability  of  the  fecal  bacteria  to  form  gas.  The  expla- 
nation of  this  fact  is  not  at  present  clear.  The  depression  in  gas 
formation  is  certainly  not  due  to  the  presence  of  sodiimi  benzoate 
in  the  feces,  since  it  was  not  possible  to  recover  benzoic  acid  in 
amounts  sufficient  to  cause  such  an  effect.  But  it  may  be  due  to 
some  action  of  the  benzoate  on  the  bacteria  of  the  digestive  tract  at 
higher  levels  than  the  colon,  or  to  an  action  on  the  digestive  juices. 

Whether  the  depression  of  the  gas-forming  function  of  the  fecal 
bacteria  is  to  be  regarded  as  a  physiological  variation  which  is 
functionally  desdrable  or  undesirable  or  is  a  matter  of  indifference, 
it  is  impossible  to  state  at  present. 

CALOBIC  VALUES  OP  THE  FOODSTUFFS. 
]ji  Case  in  O  the  daily  averages  for  the  caloric  value  of  the  food 
ingested  were  as  follows  (Series  H,  III  O) : 

CalorlM. 

For  the  fwe  period 2, 019 

For  the  low  benzMte  period 2,763 

For  Ihehigh  benzoMte  period 2,S17 

Fof  the  alter  period 2,764 

These  caloric  values  are  somewhat  low  for  the  fore  period,  but  ade- 
quate in  the  remaining  periods  for  a  man  not  much  above  the  average 
weight,  leading  an  indoor  life  and  moderately  active  in  muscular 
•zeroise. 
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BFSOIAl.  CUKICAX.  DATA. 


In  this  case  it  is  noticeable  that  there  was  a  fail  in  weight  ditring 
the  fore  period  when  no  benzoate  was  taken.  (Series  J,  III  O.)  The 
fall  can  reasonably  be  attributed  to  unusually  prolonged  and  hard  hount 
of  work  at  the  outset  of  the  warm  season.  About  the  middle  of  July 
there  developed  a  tendency  to  gain  in  weight  and  early  in  August 
this  tendency  became  established,  and  is  shown  in  the  gradual  but 
almost  xmbroken  rise  in  weight  during  the  remainder  of  the  low 
benzoate  period  and  during  the  entire  high  benzoate  period.  This 
ability  of  the  subject  to  gain  weight  during  the  high  benzoate  period 
is  worthy  of  note.  There  was  some  further  gain  during  the  after 
period,  so  that  at  the  end  of  the  experiment  the  weight  approximated 
that  at  the  beginning  of  June.  Thus  there  was  a  complete  recovery 
in  weight  despite  distinctly  adverse  conditions  of  labor,  (See  also 
Series  A,  III  O.) 

KXAMINATION    OF    THE    BLOOD. 


From  the  hemoglobin  curve  in  Chart  No.  Ill  (Series  L)  it  is  clear 
that  the  hemoglobin  was  maintained  at  a  rather  uniform  level 
throughout  the  course  of  the  experiment,  with  a  moderate  rise 
toward  the  end  of  the  experiment.  No  evidence  of  any  influence  of 
sodium  benzoate  is  discernible. 


The  curve  for  the  red  blood  cells  shows  a  rise  for  the  low  benzoate 
period,  but  in  general  rather  uniform  results  for  the  entire  experi- 
mental period.  There  is  no  indication  of  any  depressing  effect  of  the 
benzoate  on  the  red  blood  cell  count,     (Series  L,  Chart  III,) 


The  curve  for  the  white  blood  cells  shows  considerable  irregularity, 
including  a  rise  in  the  low  benzoate  period,  followed  by  a  drop, 
followed  in  turn  by  a  considerable  rise  during  the  high  benzoate 
period.  Whether  the  benzoate  had  any  influence  in  causing  theee 
irregularities  must  be  considered  doubtful  in  view  of  the  absence  of 
anythit^  characteristic  in  any  of  the  curves  drawn  from  the  four 
subjects  and  in  view  of  the  fluctuations  seen  in  healthy  individuals. 
(Series  L,  Chart  III.) 

The  differential  leucocyte  coutU  shows  only  variations  within  physio- 
logical limits.    (Series  L,  Charts  I  and  II.) 

FREE    HTDBOCHLOBIC    ACID, 

The  curve  representing  the  free  hydrochloric  acid  in  the  gastric 
juice  shows  a  distinct  rise  during  the  high  .benzoate  period,  which 
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bringe  the  values  to  a  point  previously  reached  early  in  the  ex-< 
periment.     (Series  L,  Chart  III.) 

emOUBT  OF  OONOI.1T8IONS  BBLATIVE  TO  CASE  JU  O. 

In  stating  the  conclusions  derivable  from  this  investigation  relft< 
tive  to  the  action  of  sodium  benzoate  on  the  human  body,  it  is  nece»- 
sary  to  distinguish  between  the  effects  of  small  doses  (under  0.5  gram 
daily)  and  the  effects  of  large  doses  (over  0.6  gram  daily). 

ACTION  OF  SMAIX  DOSES   Of  SODIUM   BBKZOATE. 

It  may  be  stated  that  no  action  from  small  dosee  of  sodium  ben- 
zoate was  detectable  by  the  methods  employed  in  this  investigation 
in  respect  to  the  following  features: 

(1)  The  general  health  of  the  subject^  as  indicated  by  the  sub- 

jective and  objective  signs. 

(2)  The  composition  of  the  urine  (with  one  exception,  viz,  the 

physiological  effect  on  the  hippuric  acid  excretion). 

(3)  The  composition  of  the  feces. 

(4)  The  absorption  of  fats  and  the  fat  balance. 

(5)  The  character  of  the  bacteria  of  the  intestinal  tract. 

(6)  The  weight  of  the  body. 

(7)  The  hemoglobin  of  the  blood. 

(8)  The  red  blood  cells. 

(9)  The  white  blood  cells. 

The  observed  rise  in  hippuric  acid  of  the  urine  was  such  as  to  be 
expected  from  the  well-known  metabolism  of  benzoic  acid  in  the 
animal  organism. 

ACTION    OF   LARQE    UOBES   OF    SODIUM    BENZOATE. 

It  may  be  stated  that  no  definite  physiol<^ical  consequences  of 
large  doses  of  sodium  benzoate  were  detectable  by  the  methods 
employed  in  this  investigation,  except  in  the  following  respects: 

(1)  There  was  a  considerable  or  laige  rise  in  the  hippuric  acid 
excretion,  such  as  would  be  expected  from  the  doses  of  sodium  ben- 
zoate ingested. 

(2)  There  was  an  increase  of  the  indican  of  the  urine,  not  great, 
but  unmistakable.  This  rise  is  possibly  attributable  to  an  action  of 
the  sodium  benzoate— perhaps  a  slight  irritant  action  in  the  gastro- 
enteric tract,  so  altering  the  secretions  and  bacteria  as  to  favor  intes- 
tinal putrefaction. 

(3)  There  was  a  depression  of  the  gas-producing  function  of  the 
mixed  fecal  bacteria  in  dextrose  bouillon. 

(4)  There  was  a  moderate  but  apparently  unmistakable  rise  in 
the  proportion  of  coccal  bacteria  observed  in  the  fermentation  tube 
sediments  derived  from  the  inoculation  of  the  mixed  fecal  flora. 

(5)  There  was  a  distinct  rise  in  the  free  hydrochloric  acid  of  the 
gastric  juice. 
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aXNERAI.  KEDIOAI.  NOCTiB. 

The  subject  of  this  experiment  was  a  physician,  28  years  of  a^,  of 
good  habits,  and  of  good  general  health.  His  weight  during  previous 
summers  had  fluctuated  within  narrow  hmits  without  any  accom- 
panying digestive  disorders.  During  the  fortn^ht  preceding  the 
beginning  of  the  benzoate  experiment  his  weight  varied  between  66 
and  68  Idlos,  the  weight  having  spontaneously  declined  during  this 
time  (see  graphic  weight  chart.  Series  J,  IV  L). 

In  tlus  case  considerable  information  was  collected  in  relation  to 
the  composition  of  the  urine,  the  chemical  and  bacteriological  prop- 
erties of  the  feces,  etc.  These  observations  accord  closely  with  those 
on  the  fore  and  after  periods  of  the  experiment. 

It  should  be  stated  that  this  subject  experienced  discomfort,  pain, 
and  various  signs  of  disturbed  d^estion  after  the  passage  of  the 
stomach  tube  for  purposes  of  gastric  examination.  During  the  first 
two  weeks  in  August  he  complained  of  disturbed  digestion,  malaise, 
and  inaptitude  for  work,  which  he  attributed  to  the  benzoate  taken. 
The  physicians  in  chai^  were  unable  to  satisfy  themselves  that 
these  symptoms  were  dependent  on  the  benzoate  ingested,  but  be- 
lieved them  to  be  due  to  other  causes.  The  disturbances  complained 
of  were  followed  by  an  acute  attack  of  frontal  sinusitis.  It  should 
be  observed  that  during  the  high  benzoate  period  there  was  a  gradual 
improvement  in  physical  condition;  on  September  15  there  was  diai^ 
rtiea,  but  after  this  time  the  general  condition  and  the  state  of  diges- 
tion were  excellent. 

ANALTTIOAL  DATA  BSIiATBTG  TO  THE  TTUmE  ASS  7BOBS. 
THE    URINE. 


The  daily  volume  of  urine  (Series  A,  IV  L)  in  this  case  ranged 
between  561  and  1,810  c.  c.  There  is  no  evidence  that  any  influence 
was  exerted  on  the  volume  of  the  urine  by  the  ingestion  of  sodium 


The  specific  gravity  of  the  urine  (Series  A,  IV  L)  varied  between 
1.019  and  1.036,  and  the  variations  can  not  be  brought  into  relation 
with  the  ingestion  of  sodium  benzoate. 


In  this  case  the  average  daily  output  of  total  nitrogen  for  the  fore 
period  amounted  to  16.55  grams  (Series  B,  IVL);  for  the  low  benzo- 
ate period,  to  13.63  grams;  for  the  high  benzoate  period,  to  14.9  grams; 
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for  the  after  period,  to  13.6  grams.  It  should  be  noted  that  the 
nitrogen  excretion  during  the  fore  period  was  rather  high  as  com- 
pared with  that  of  the  other  subjects,  especially  if  we  consider  them 
from  the  standpoint  of  their  weights. 


The  data  relating  to  the  nitrogen  balance  in  this  case  are  given  in 
table  Series  F,  IV  L.  They  show  for  the  fore  period  an  average  daily 
n^stive  balance  (i.  e.,  a  lesser  nitrogen  intake  than  output)  of  1.56 
grams,  for  the  low  benzoate  period  a  negative  balance  of  2.14  grams, 
for  the  high  benzoate  period  a  negative  balance  of  1.99  grams,  for  the 
after  period  a  positive  balance  of  1.42  grams. 

The  daily  nitrogen  intake  with  the  food  was  as  follows : 

Fore  period 16. 00 

Low  benzoate  period 13.60 

H^  benzoate  period 17. 08 

After  period 16.74 

There  is  no  evidence,  derivable  from  data  given  in  this  table  that 
there  was  any  disturbance  in  nitrogenous  metaboUsm  during  any  of 
the  periods  of  the  experiment. 

NimOOEN   OF   VRBA. 

We  may  consider  the  nitrogen  of  urea  from  the  standpoint  of  per- 
centages of  total  nitrogen  (Series  D,  IV  L).  We  find  for  the  fore 
period  an  averse  of  86.8  per  cent;  for  the  low  benzoate  period,  82.8 
per  cent;  for  the  high  benzoate  period,  84,1  per  cent;  for  the  after 
period,  83.5  per  cent.  These  variations  being  within  the  limits  of  the 
normal,  and  being  in  themselves  slight,  call  for  no  comment. 

NITROOEN   OF   AMMONIA. 

The  daily  average  excretion  of  nitrogen  of  ammonia  was  0.70  gram 
for  the  fore  period  (Series  B,  IV  h),  0.59  gram  for  the  low  benzoate 
period,  0.52  gram  for  the  high  benzoate  period,  and  0.55  gram  for 
the  after  period.  Looking  at  the  nitrogen  of  ammonia  from  the 
Btandpoint  of  percentages  (Series  D,  IV  L),  w©  find  that  for  the  fore 
period  the  ammonia  nitrogen  amounted  to  4.2  per  cent  of  the  total 
nitrogen;  for  the  low  benzoate  period  to  4.3  per  cent;  for  the  high 
benzoate  period  to  3.5  per  cent;  and  for  the  after  period  to  4  per 
cent.  The  variations  in  percent^es  between  the  different  periods 
are  slight  and  unimportant. 


Considering  the  daily  average  purin  nitrogen,  we  find  that  this 

amounted  to  0.28  gram  for  the  fore  period  (Series  B,  IV  L),  0.26  gram 

for  the  low  benzoate  period,  0.27  gram  for  the  high  benzoate  period, 
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and  0.25  gram  for  the  after  period.  These  figures  indicate  a  close 
uniformity  in  the  purin  nitrogen  excretion  throughout  the  different 
periods.  Considering  these  values  from  the  standpoint  of  percent- 
ages (Series  D,  IV  L),  we  find  that  for  the  fore  period  the  average 
pmin  nitr<^en  was  1.6  per  cent  of  the  total  nitrogen;  for  the  low 
beuzoate  period,  1.9  per  cent;  for  the  high  benzoate  period,  1.8  per 
cent;  for  the  after  period,  1.9  per  cent.  These  slight  variations  can 
not  be  regarded  as  other  than  wholly  insignificant  in  connection 
with  the  present  investigation. 


The  average  daily  excretion  of  uric  acid  nitrogen  for  the  fore  period 
was  0,22  gcasa  (Series  B,  IV  L) ;  for  the  low  benzoate  period,  0.22 
gram;  for  the  high  benzoate  period,  0.23  gram;  and  for  the  after 
period,  0.21  gram.  Looked  at  from  the  standpoint  of  percentages 
(Series  D,  IV  L),  we  find  only  slight  and  insignificant  variations 
for  the  different  periods,  since  the  average  uric  acid  nitrogen  for  the 
fore  period  was  1.3  percent  of  the  total  nitrogen;  for  the  low  ben- 
zoate period,  1.6 percent;  for  the  high  benzoate  period,  1.6  percent; 
for  the  after  period,  1.6  per  cent. 

NrraOOBH   or   CBBATtKtM. 

The  daily  average  output  of  creatinin  nitrogen  for  the  fore  period 
was  0.46  gram  (Series  B,  IV  L) ;  for  the  low  benzoate  period,  0.59 
gram;  for  the  high  benzoate  period,  0.69  gram;  for  the  after  period, 
0.66  gram.  The  distinct  rise  in  nitrt^en  of  creatinin  during  the  ben- 
zoate periods  is  noteworthy,  inasmuch  as  it  is  a  concomitant  of  the 
fall  in  total  nitrogen.  The  rise  in  nitrogen  of  creatinin  is  even  more 
noteworthy  when  we  look  at  it  from  the  standpoint  of  percentages 
(Series  D,  IV  L),  for  we  see  that  while  for  the  fore  period  the  average 
was  2.S  per  cent  of  the  total  nitrogen,  it  was  4.3  per  cent  for  the  low 
benzoate  period,  4.6  per  cent  for  the  high  benzoate  period,  and  4.9  per 
cent  for  the  after  period.  A  reference  to  the  table  of  caloric  values 
of  the  food  (Series  H,  IV  L)  shows  that  the  average  daily  intake  of 
protein  for  the  low  benzoate  period  (85.1  grams)  was  less  than  that 
for  the  fore  period  (100  grams).  On  the  other  hfuid,  the  protein 
intake  for  the  high  benzoate  period  was  greater  (106.8  grams  daily) 
than  during  either  of  the  preceding  periods.  While  there  is  thus  no 
definite  ratio  between  the  creatinin  excretion  and  the  total  protein 
intake,  it  is  likely  that  the  explanation  in  the  creatinin  fluctuations 
is  to  be  found  in  the  variations  in  the  quantity  of  meat  ingested. 

NITBOaBN    OP   HUTUEIC   ACID, 

The  nitrogen  of  hippuric  acid  is  best  considered  in  connection  with 
Table  IV  L,  Series  £.  From  this  table  we  see  that  the  average 
daily  amount  of  benzoic  acid  ingested,  calculated  from  the  sodium 
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benzoate,  amounted  to  0.2541  gram  for  the  low  beuzoate  period;  wu 
see  also  that  the  benzoic  acid  excreted  during  thitf  period,  and 
attributable  to  the  benzoic  acid  intake,  amounted  to  0.1858  gram. 
For  the  high  beuzoate  period  the  benzoic  acid  intake  was  I.573U 
grams,  and  the  calculated  amount  excreted  attributable  to  this 
intake  amounted  to  1.4295  grams. 

UNDBTBHUINKD    NITROOEN. 

The  average  daily  output  of  undetermined  nitrogen  for  the  foro 
period  was  0.76  gram  (Series  B,  IV  L);  for  the  low  beuzoate  period, 
0.82  gram;  for  the  high  benzoate  period,  0.63  gram;  for  the  after 
period,  0.67  gram.  The  variations  are  here  too  small  to  call  for  com- 
ment. The  average  percentage  of  the  undetermined  nitrogen  for 
the  fore  period  waa  4,2  per  cent  of  the  total  nitrogen;  for  the  low 
beuzoate  period,  6  per  cent;  for  the  high  benzoate  period,  4.1  per 
cent;  for  the  after  period,  5  per  cent. 


The  average  daily  total  excretion  of  sulphur  for  the  fore  period  was 
1.253  grams  (Series  B,  IV  L);  for  the  low  benzoate  period,  1.024 
grams;  for  the  high  benzoate  period,  1.101  grains;  for  the  after 
period,  0.977  gram,     The  variations  here  are  inconsiderable. 


The  daily  average  output  of  inorganic  sulphur  for  the  fore  period 
was  1.035  grains  (Series  B,  TV  L);  for  the  low  benzoate  period, 
0.814  gram;  for  the  high  benzoate  period,  0.879  gram;  for  the  after 
period,  0.789  gram.  We  note  here  a  fall  similar  to  that  observed 
for  the  total  sulphur.  Considering  the  inorganic  sulphm-  in  percent- 
ages of  total  sulphur  (Series  D,  IV  L),  we  see  that  the  variations  of 
the  averages  from  period  to  period  are  unimportant,  being  82.7  per 
cent  for  the  fore  period,  79.5  per  cent  for  the  low  benzoate  period, 
79.8  per  cent  for  the  high  benzoate  period,  and  80.7  per  cent  for  the 
after  period. 


The  average  daUy  excretion  of  ethereal  sulphur  for  the  fore  period 
was  0.053  gram  (Series  B,  IV  L) ;  for  the  low  benzoate  period,  0.055 
gram;  for  the  high  benzoate  period,  0.058  gram;  for  the  aftir  period, 
0,048  gram.  The  variations  here  are  small  and  insignificant.  In 
the  fore  period  the  average  ratio  between  inorganic  and  ethereal 
sulphur  was  19.7  (Series  D,  IV  L);  in  the  low  benzoate  period,  14.7; 
in  the  high  benzoate  period,  15.1;  in  the  after  period,  17.1.  These 
changes  are  so  small  and  fall  so  well  within  physiological  limits  that 
no  significance  can  properly  be  attached  to  them. 
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The  average  daily  'output  of  neutral  sulphur  amounted  to  0.165 
gram  for  the  fore  period  (Series  B,  IV  L),  0.155  gram  for.  the  .low 
benzoate  period,  0.164  gram  for  the  high  benzoate  period,  and 
0.140  gram  for  the  after  period.  Looking  at  the  neutral  sulphur 
from  the  standpoint  of  its  percentage  of  the  total  sulphur  we  find 
that  during  the  fore  period  the  average  was  13.1  per  cent;  for  the 
low  benzoate  period,  15.1  per  cent;  for  the  high  benzoate  period, 
14.9  per  cent;  for  the  after  period,  14.4  per  cent.  These  variatioDS 
are  small  and  fall  well  within  the  variations  observed  under  strictly 
physiological  conditions  and  they  therefore  call  for  no  conunmt. 

PHOSPHATE   PHOSPHORUS. 

'Hie  averi^  daily  phosphorus  in  the  form  of  phosphates  of  t^e 
urine  for  the  fore  period  was  1.51  grams  (Series  B,  TV  L) ;  for  the 
low  benzoate  period,  1.2  grama;  for  the  high  beneoate  period,  1.28 
grams ;  for  the  after  period,  1  .Od  grams.  These  fluctuations  are  within 
normal  limits. 


There  was  in  this  case  a  slight  rise  in  the  intettsity  of  the  indican 
reactions  of  the  urine  during  the  hi^  benzoate  period  (Series  A, 
IV  L).  As  the  protein  intake  for  this  period  was  somewhat  higher 
than  for  any  other  period,  the  rise  in  the  indican  is  possibly  attribu- 
table to  increased  intestinal  putrefaction  due  to  this  cause,  but  the 
possibility  remains  that  the  increased  iatenmty  of  the  reaotiona  was 
dependent  on  the  high  dosage  with  sodium  benzoate. 


Frequent  examinations  were  made  for  the  pres^ice  of  indolacetic 
acid.  It  was  found  to  be  present  at  all  times.  The  reactions  were 
commonly  slight,  sometimes  moderately  strong.  There  was  no  evi- 
dence that  the  color  reactions  for  indolacetic  acid  in  the  luine  were 
in  any  way  influenced  by  the  ingestion  of  sodium  benzoate. 


Frequent  examinations  were  made  for  the  presence  of  aromatic 
oxyacids.  Color  reactions  were  obtainable  at  all  times  during  the 
experiment.  The  reactions  were  commonly  sl^ht,  sometimes  moder- 
ately strong.  There  was  no  evidence  that  the  color  reactions  for 
aromatic  oxyacids  in  the  urine  were  in  any  way  influenced  by  the 
ingestion  of  sodium  benzoate. 


The  average  daily  chlorine  excretion  calculated  as  sodium  chloride 
was  11.6  grams  for  the  fore  period  (Series  B,  IV  L),  11.1  grams  for 
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the  low  beuzoate  period,  11.5  grams  for  the  high  benzoate  period, 
and  11.9  grams  for  the  after  period.  There  ie  thus  great  uniformity 
for  the  different  periods. 

TBB  VBOSB. 


The  daily  arera^  weight  of  the  fresh  feces  for  the  fore  period  waa 
211.9  grams  (Series  B,  IV  L);  for  the  low  benzoate  period,  154.2 
grams;  for  the  high  benzoate  period,  138.9  grams;  and  for  the  after 
period,  138.5  grams. 

The  daily  average  weight  of  the  dried  feces  for  the  fore  period  was 
34.4  grams  (Series  B,  IV  L);  for  the  low  benzoate  period,  28.9  grams; 
for  the  high  benzoate  period,  26.5  grams;  and  for  the  after  period,  25.6 
grams.    . 

The  percent^e  of  water  in  the  fresh  feces  was  nearly  the  same  in 
thedifEerent  periods  (83.7,  81.3,  81.7,81.2  per  cent,  Series  D,  IV  L); 
in  other  words,  the  weights  of  the  moist  feces  were  very  nearly  pro- 
portional to  the  solids. 


The  average  total  nitrogen  of  the  dried  feces  for  the  fore  period 
amounted  to  1.81  per  cent  (Series  F,  IV  L);  for  the  low  benzoate 
period  to  1.59  per  cent;  for  the  high  benzoate  period  to  1.63  per 
cent;  for  the  after  period  to  1.47  per  cent.  These  variations  are 
seen  to  follow  rather  closely  the  variations  of  the  intake  of  nitrogen 
with  the  food. 


The  averse  daily  weights  of  the  ethereal  extracts  of  the  dried 
feces  including  the  fatty  acids  of  the  soaps  for  the  various  periods 
were  as  follows  (Series  G,  IV  L):  For  the  fore  period,  6,45  grams; 
for  the  low  benzoate  period,  5.09  grams;  for  the  high  benzoate  period, 
4.60  grams;  for  the  after  period,  3.73  grams. 

FAT  BAI.ANCS. 

In  this  case  (Series  G,  IV  L)  the  daily  average  intake  of  fat  varies 
rather  widely  in  the  different  periods,  e.  g.,  from  79.5  grams  for  the 
low  benzoate  period  to  122.6  grams  in  the  high  benzoate  period. 

The  fat  of  the  feces  shows  only  moderate  variations  for  the  different 
periods  in  respect  to  the  percent^e  of  neutral  fats,  free  fatty  acids, 
and  fatty  acids  of  soaps.  The  figures  for  these  various  forms  of  fat 
all  lie  within  the  limits  of  the  normal.  TTiere  is  no  evidence  that  eithw 
small  or  lai^  doses  of  sodium  benzoate  exerted  any  influence  on  the 
percentage  of  neutral  fats,  fatty  acids,  or  soaps  appearing  in  the  feces. 
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The  data  bearing  on  the  absorption  of  fat'  from  the  inteetine  show 
nothing  worthy  of  specifJ  comment.  The  proportion  of  fat  absorbed 
in  'the  different  periods  varies  somewhat  more  widely  than  in  the  other 
cases.  Nevertheless  the  variations  are  small  and  fail  to  give  any 
evidence  that  either  the  small  or  large  doses  of  beozoate  exerted  any 
influence  on  the  fat  absorption.  The  percentage  of  fat  absorbed 
during  the  different  subperiods  is  as  follows : 

Per  ccDl. 

pore  period  (II) 95.  5 

Low  ben zoat«  period  {VIII 92.6 

Low  benzoate  period  (X) (M.  5 

High  benzoalc  period  (XIII) 9Bl  8 

High  benzoBle  period  (XV) 98.4 

After  period  (XVII) 96.6 

OSNBBAL  UBINABT  EXAJONATION. 


At  no  time  in  the  course  of  the  experiment  could  albumin  be 
detected  in  the  urine,  even  in  traces.  Examinations  were  made 
with  frequency  and  regularity. 


At  no  time  in  the  course  of  the  experiment  could  sugar  be  detected 
in  the  urine.     Examinations  were  made  frequently  and  re^;ularly. 

8BDIHENTS. 

Calcium  oxalate  and  phosphates  were  frequently  observed  as  uri- 
nary sediments,  but  no  more  often  during  the  benzoate  periods  than 
during  the  fore  period  and  the  after  period.  Epithelial  cells  were 
seldom  abundant  and  urates  were  rare.    Casts  were  not  observed. 

The  urines  were  well  preserved  in  a  cool  place,  were  examined 
within  twenty-four  hours  after  being  passed,  and  were  subjected  to 
frequent  and  regular  microscopical  examinations. 

BPBCIAX  UXUNABT  KXAKINATION  FOB  BENZOIC  ACID. 

During  the  high  benzoate  period  the  urine  was  subjected  to  chem- 
ical procedures  designed  to  detect  the  presence  of  benzoic  acid  or 
benzoates.  It  was  impossible  to  detect  the  presence  of  benzoic  acid 
in  the  urine. 

SPBCIAL  CHBUIOAI.  EZAJONATIGN  OF  THE  FECES. 

The  data  relating  to  the  feces  and  comprised  under  the  above 
title  pertain  to  the  reactions,  the  color,  the  consistence,  the  mercuric 
chloride  reaction  for  hydrobilirubin,  the  p-dimethylamido-benzalde- 
hyde  reaction  for  indol  and  skatol,  and  the  quantitative  detennination 
of  hydrogen  sulphide. 
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The  reaction  of  the  feces  was  usually  alkaline  to  litmus,  rery  seldom 
acid.  The  reaction  does  not  appear  to  have  been  influenced  by  the 
ingestion  of  sodium  benzoate. 

The  color  of  the  feces  was  usually  brown,  often  yellow  or  yellow- 
brown,  sometimes  black  from  lampblack  or  charcoal  used  for  demar- 
cation. The  color  of  the  feces  appears  to  have  been  uninfluenced  by 
the  taking  of  the  sodium  benzoate. 

The  consistence  of  the  feces  varied  usually  within  normal  limits 
but  with  a  distinct  tendency  to  soft  movements  with  occasional 
diarrhea."  It  does  not  appear  that  the  consistency  of  the  feces  was 
influenced  by  the  ingestion  of  sodium  benzoate,  since  the  consist- 
ency of  the  feces  was  not  diminished  during  the  high  benzoate  period 
as  compared  with  the  after  periods. 

The  reaction  for  JiydrobUimbin  was  very  variable,  Iwiing  eometimes 
slight,  sometimes  moderate,  sometimes  strong  or  very  strong.  It 
does  not  appear  to  have  been  influenced  by  the  use  of  sodium  ben- 
zoate. It  may  be  mentioned  thaf  in  studies  on  this  subject  made 
independently  of  the  present  investigation,  and  some  time  previously, 
a  distinct  tendency  was  noted  toward  the  development  of  strong 
hydrobilirubin  reactions. 

The  recu^ionfor  indol  was  usually  slight  or  moderate.  The  reac- 
tions are  perhaps  a  little  stronger  in  the  high  benzoate  period  than 
in  the  remaining  periods.  All  these  reactions  are,  however,  well 
within  the  limits  observed  in  persons  in  what  is  considered  the  best 
of  health.  The  color  reactions  frequently  showed  the  blue  tint  point- 
ing to  the  presence  of  skatol.  This  peculiarity  had  been  noticed 
in  this  subject  during  a  long  period  of  study  prior  to  the  present 
investigation.  It  is  not  connected,  therefore,  with  the  ingestion  of 
sodium  benzoate. 

HTDBOOEN    SULPHIDE. 

Quantitative  determinations  were  made  of  the  hydrogen  sulphide 
of  the  feces  from  September  5  to  the  end  of  the  experiment  (see 
Series  I,  IV  L).  The  figures  obtained  in  the  present  instance  fall 
well  within  the  limits  of  the  normal.  They  indicate  only  small  per- 
centages of  hydrogen  sulphide,  both  in  the  high  benzoate  period  and 
in  the  after  period.  We  are  thus  justified  in  concluding  that  the 
fixation  of  hydrogen  sulphide  in  the  feces  of  this  subject  was  not 
influenced  by  the  use  of  large  doses  of  sodium  benzoate. 

Note. — In  addition  to  this  chemical  examination,  the  feces  were 
subjected  to  microscopic  study  to  determine  whether  there  were  any 
alterations  in  their  character  indicating  a  diminished  absorption  of 
foodstuffs  Co.  g.,  meat  fiber,  fats,  etc.)  miring  the  benzoate  periods. 

a  The  d&ily  variations  in  the  water  cout«ut  of  the  feces  may  be  found  in  the  tables 
relating  to  Caao  IV  in  Series  A, 
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The  bacteriological  exanoination  of  the  feces  in  this  case  was  carried 
on  along  the  same  lines  as  already  mentioned  in  the  cases  already 
discussed.  Both  the  direct  examination  of  the  feces  and  the  study 
of  the  fermentation  tube  sediments  showed  the  presence  of  consid- 
erable numbers  of  cocci.  This  peculiarity  was  noted  throughout 
the  benzoate  experiment,  but  was  somewhat  emphasized  about  the 
time  of  the  high  benzoate  period.  As,  however,  this  same  pecuUarity 
has  been  noticed  in  a  large  number  of  examinations  made  in  the  year 
preceding  the  dosage  with  benzoate,  it  can  be  attributed  to  conditions 
wholly  distinct  from  the  examination  itself.  The  only  possibility 
of  an  influence  on  the  coccal  forms  of  the  feces,  exerted  by  the  ben- 
zoate, relates  to  the  high  benzoate  period.  It  is  possible  that  the 
moderate  increase  in  coccal  forms,  noted  at  this  time,  was  brought 
about  by  the  rather  large  doses  of  sodium  benzoate.  No  other  alter- 
ations in  bacterial  types  was  observable  by  the  methods  employed  in 
the  investigation. 

As  will  be  seen  by  reference  to  Series  K,  TV  L,  there  was  observed 
the  smallest  gas  formation  by  the  fecal  flora  at  the  time  of  the  high 
benzoate  dosage.  It  is  probable  that  the  somewhat  prolonged  ten- 
dency to  lowgasfonnation,noted  at  this  time,  was  at  least  in  ameasure 
attributable  to  the  rise  in  the  dose  of  sodium  benzoate. 

CALOBIC  VALTmS  OF  THE  FOODSTUFFS. 

The  daily  average  for  the  caloric  value  of  the  food  ingested  was 
as  follows  (Series  H,  IV  L) : 

Cttloriea. 

For  the  fore  period 2, 411 

For  the  low  benzoate  period 2,367 

For  the  high  benzoate  period 2,  B82 

For  the  after  period 2, 567 

These  calorific  values  were  adequate  but  not  excessive  for  a  man 
not  much  above  the  average  weight,  leading  an  indoor  life  and  mod- 
erately active  in  muscular  exercise. 

SFECIAX  CLINICAL  DATA. 

WEIGHT. 

The  variations  in  weight  in  Case  IV  L  are  readily  seen  from  the 
inspection  of  Series  J,  IV  L,  where  they  are  grapbicaUy  represented. 

The  weight  of  the  subject  showed  a  fall  from  about  68  kilc^ams  to 
about  66  kilograms  before  the  low  benzoate  period  was  begun.     The 


D.qitizeaOyGoOl^lc 


occurrence  of  digestive  disorder  in  this  subject  has  aire 
tioned.  There  was  a  slight  tendency  to  a  rise  in  wei) 
high  benzoate  period,  despite  some  digestive  disord 
Series  A,  IV  L.) 

eXAHINATION   OF  THE   BLOOD. 

BBMOOLOBFN. 

The  curve  for  hemoglobin  (Series  L,  Chart  IV)  showt 
ency  to  rise  during  the  high  benzoate  period.  There 
that  the  benzoate  has  had  any  deleterious  influence 
globin. 

BSD   BUiOn    CEI.1.B. 

The  curve  representative  of  the  numbers  of  the  t 
shows  a  slight  tendency  to  rise  during  the  high  be 
There  ia  no  reason  to  suppose  that  the  ingestion  of  bei 
any  unfavorable  influence  on  the  red  blood  cells.    (Serii: 


The  white  blood  cell  curve  shows  only  unimportanl 
which  can  not  be  connected  with  the  ingestion  of  sod 
(Series  L,  Chart  III.) 

The  differential  leucocyte  count  shows  variations  oi 
physiological  limits.     (Series  L,  Charts  I  and  II.) 

FREE    HYDROCHLORIC    ACID. 

The  curve  showing  the  free  hydrochloric  acid  of  tJi 
shows  a  rather  marked  rise  during  the  high  benzoati^ 
comparable  rise  is  evident  in  all  the  other  subjects,  \' 
to  connect  it  with  the  ingestion  of  sodium  benzoate.  ( I 
m  and  IV.) 

StmUAIlT  OP  CONOLITSIOHB  BELATIVB  TO  CJ . 

In  stating  the  conclusions  derivable  from  this  invest  i 
to  the  action  of  sodium  benzoate  on  the  human  bod} 
to  distinguish  between  the  effects  of  small  doses  (i 
daily)  and  the  effects  of  large  doses  (over  0.5  gram  da 

ACTION  OF  SMALL   DOSES   OF  SODIUU   BENZ<  i 

It  may  be  stated  that  no  action  from  small  doses  : 
zoate  was  detectable  by  the  methods  employed  in  th  . 
in  respect  to  the  following  features: 

(1)  The  general  health  of  the  subject  as  indicai  i 

jective  and  objective  signs. 

(2)  The  composition  of  the  urine  (with  one  exc ' 

physiological  effect  on  the  hippuric  acid  f  \ 

(3)  The  composition  of  the  feces. 
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(4)  The  absorption  of  fats  and  the  fat  balance. 

(5)  The  character  of  the  bacteria  of  the  intestinal  tract. 

(6)  The  weight  of  the  body. 

(7)  The  hemoglobin  of  the  blood. 

(8)  The  red  blood  cells. 

(9)  The  white  blood  cells. 

The  observed  rise  in  hippuric  acid  of  the  urine  was  such  as  was  to 
be  expected  from  the  well-known  metabolism  of  benzoic  acid  in  the 
animal  organism. 

ACTION    OF    L.ASOB  DOSES  OF    SODIUM    BENZOATE. 

It  may  be  stated  that  no  definite  physiological  consequences  of 
lai^e  doses  of  sodium  benzoate  were  detectable  by  the  methods  em- 
ployed in  this  investigation,  except  in  the  following  respects: 

(1)  There  was  a  considerable  or  large  rise  in  the  hippuric  acid 
excretion,  such  as  would  be  expected  from  the  doses  of  sodium  ben- 
zoate ingested- 

(2)  There  was  an  increase  of  the  indlcan  of  the  urine,  not  great  but 
unmistakable.  This  rise  is  possibly  attributable  to  an  action  of  the 
sodium  benzoate  (perhaps  a  slight  irritant  action  in  the  gastro-enteric 
tract),  so  altering  the  secretions  and  bacteria  as  to  favor  intestinal 
putrefaction.  The  behavior  of  the  ethereal  sulphates  indicates  that 
the  rise  in  intestinal  putrefaction  is  slight. 

(3)  There  was  a  depression  of  the  gas-producing  function  of  the 
mixed  fecal  bacteria  in  dextrose  bouillon. 

(4)  There  was  a  moderate  but  apparently  umuistakable  rise  in  the 
proportion  of  coccal  bacteria  observed  in  the  fermentation  tube  sedi- 
ments derived  frotn  the  inoculation  of  the  mixed  fecal  flora. 

(5)  There  was  a  distinct  rise  in  the  free  hydrochloric  acid  of  the 
gastric  juice. 


BT  OF  OONOLUSZONS  BBI.ATIVB  TO  THB  OKOUP  OF  PEA- 
SONS  (FOUR  CASES)  OH  WHICH  THIS  DTVESTiaATION  IS  BASED. 

In  stating  the  general  conclusions  relative  to  the  action  of  sodium 
benzoate  on  the  himian  body  it  is  necessary  to  distinguish  between 
the  effect  of  small  doses  (under  0.6  gram  daily)  and  the  effect  of 
large  dosee  (over  0.5  gram  daily). 

ACTION    OF   SHALL    DOSES    OF    SODIUU   BENZOATE 

The  following  general  conclusion  may  be  drawn :  No  action  from 
small  doses  of  sodiimi  benzoate  was  detectable  by  the  methods  used 
in  this  investigation  in  respect  to  the  following  physiolt^cal  featurea: 

(1)  The  general  health  of  the  subject  as  indicated  by  subjec- 

tive and  objective  signs. 

(2)  The  composition  of  the  urine  (with  one  exception,  viz,  the 

physiological  effect  on  the  hippuric  acid  excretion). 


MOgk 


(3)  The  composition  of  the  feces, 

(4)  The  absorption  of  fats  and  the  fat  balance. 

(5)  The  character  of  the  bacteria  of  the  intestinal  trac 

(6)  The  weight  of  the  body. 

(7)  The  hemoglobin  of  the  blood. 

(8)  The  red  blood  cells. 

(9)  The  white  blood  cells. 

The  observed  rise  in  hippuric  acid  of  the  urine  was  such  . 
be  expected  from  the  well-known  metabolism  of  benzoic  a( 
animal  organism. 

The  methods  used  in  this  investigation  are  confidently  be  I 
be  sufficiently  varied  in  scope  and  sufficiently  searching  in  the 
qualities  to  have  revealed  significant  modifications  of  nonr  i 
ological  processes  had  such  modifications  been  induced  by  t 
email  doses  of  sodium  benzoate. 

The  only  noteworthy  modification  of  a  physiological  proc 
was  detected  was  the  rise  in  the  excretion  of  hippuric  acid, 
can  not  be  regarded  as  having  any  pathological  significanct , 
falls  well  within  physiological  limits  of  function,  such  as  ar  > 
able  after  the  free  use  of  natural  food  (e.  g.,  certain  fruits  ani  I 
rich  in  benzoic  acid.  Moreover,  there  is  no  evidence  that  th ; 
of  synthesis  of  benzoic  acid  and  glycocoll  to  hippuric  acid  er : 
direct  or  indirect  effects  of  a  detrimental  nature  on  any  pai 
human  organism,  even  when  the  quantity  of  benzoic  acid  ir ; 
larger  than  that  employed  in  our  "low  benzoate"  period,  or 
our  "high  benzoate"  period.  And,  finally,  there  is  no  reaso 
pose  that  the  synthesis  and  excretion  of  hippuric  acid  in  the 
observed  in  our  "low  benzoate"  experiments  has  any  injuric 
on  the  organism  even  when  excretion  in  such  amounts  is  p 
for  months  or  years. 

The  failure  to  detect  significant  departures  from  any  phyi! 
processes  may  safely  be  taken  as  a  practical  certainty  that  no: 
experimental  subjects  who  submitted  themselves  to  our  inve: 
derived  any  injurious  effects  therefrom.  The  fact  that  t 
posite  curves  made  from  our  subjects  to  indicate  the  body  wc 
the  hemoglobin  percentage  show  a  rise  both  in  weight  and  i 
globin  for  the  entire  benzoate  experiment  (low  benzoate  pei 
high  benzoate  period)  is  a  practical  and  obvious  confirmatio 
conctiisioa  derived  from  two  important  indices  of  physiolo^; 
being  or  health. 

.      ACTION   OF   LABGE    DOSES   OF    SODIUM    BENZOATE. 
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(1)  There  was  a  considerable  or  l^^e  rise  in  the  hippuric  acid 
excretion,  such  as  would  be  expected  from  the  doses  of  sodium  ben- 
zoate  ingested.  The  significance  of  this  rise  has  been  discussed  at 
sufHcient  length  in  the  preceding  section  dealing  with  smaH  doeee  of 
sodium  benzoate. 

(2)  There  was  an  increase  of  the  indicau  of  the  urine,  not  great 
but  unmistakable.  This  rise,  discernible  in  all  four  subjects,  seems 
attributable  to  an  action  of  the  sodium  benzoate,  as  other  known 
factors  in  the  experimental  conditions  fail  to  satisfactorily  account 
for  it.  It  is  perhaps  attributable  to  a  slight  irritant  action  on  the 
gastroenteric  tract,  so  altering  the  secretions  or  bacteria  (or  both) 
as  to  favor  intestinal  putrefaction. 

(3)  There  was  a  depression  of  the  gas-forming  function  of  the  mixed 
fecal  bacteria. 

(4)  There  was  a  moderate  but  apparently  unmistakable  rise  in  the 
proportion  of  coocal  bacteria  observed  in  the  fermentation  tube 
sediment  derived  from  the  inoculation  of  the  mixed  fecal  flora.  The 
precise  significance  of  this  phenomenon  and  of  the  depression  in 
gas  production  noted  in  paragTaph'(3)  is  not  known,  but  both  condi- 
tions are  frequently  associated  with  slight  or  pronounced  inflam- 
matory affections  of  the  gastro-enteric  tract.      . 

(5)  There  was  a  distinct  rise  in  the  free  hydrochloric  acid  of  the 
gastric  juice.  In  relation  to  this  feature,  Dr.  J,  S.  Thacher  makes  the 
following  comments: 

Od  reviewing  the  findinga,  one  result  appetus  rather  striking,  the  nwrked  and,  ahex 
the  firat  few  weeks,  furiy  continuouB  increase  in  the  amount  of  free  hydnKhloric 
acid.  The  observations  which  I  have  included  among  the  charts  showii^  tbe  eSect 
of  the  addition  of  benzoate  of  soda  to  specimens  of  gastric  contents  demonstnted,  as 
was  to  be  exfiected,  that  the  direct  effect  of  such  addition  h  to  diminish  the  amount 
of  free  hydrochloric  acid.  The  low  figures  for  free  hydrochloric  acid  in  the  eariy 
weeks  and  their  later  incTease  might  pombli/  be  accounted  for  in  part  by  the  nervous 
diitturbance  aseociated  with  the  unaccustomed  piocedureof  gastric  expreeaion  and  the 
later  diminution  of  this  disturbance  as  the  subject  became  accustomed  to  the  pm- 
cedure,  but  I  do  not  believe  that  this  can  account  for  the  great  and  steady  increase 
in  the  amounts  of  free  hydrochloric  acid,  (Excerpt  ftum  letter  of  Dr.  J.  8.  Tbocber, 
dated  December  16,  1908.) 

If  it  were  necessary  to  give  an  opinion  as  to  the  cause  of  the  devia- 
tions, for  the  most  part  slight  deviations,  from  physiological  functions, 
which  should  account  for  the  phenomena  noted  in  par^raphs  2, 
3,  4,  and  5,  we  would  offer  the  hypothesis  that  the  phenomena  in 
question  are  best  accounted  for  on  the  supposition  that  the  gastro- 
enteric muscosa  in  some  part  of  its  course  had  been  subjected  to 
slight  stimulant  or  irritative  action  and  that  this  action  was  exerted 
by  the  continued  use  of  rather  la^e  doses  of  sodium  benzoate. 


URINE. 


Each  24-hotir  sample  was  collected  Id  a  bottle  containi  , 
of  a  10  per  cent  solution  of  thymol  in  chlorofoim.     Th 
during  collection  and  during  the  period  of  analysis  were  kep 
as  possible  in  a  refrigerator." 

With  few  exceptions,  the  urines  were  collected  for  peri  < 
and  72  hours.  All  analyses  were  made  in  dupUcates  on  ■■ 
sample  covering  the  period  of  collection.  The  results  rec  i 
uniformly  based  on  a  volume  representing  a  24-hour  i  : 
When  the  period  of  collection  was  48  hours  or  longer,  t  i 
recorded  represent  the  average  for  24  hours. 


The  total  nitrogen  was  estimated  according  to  the  Kjeldal  I 
by  digesting  5  c.  c.  of  the  urine  with  20  c.  c.  concentrated  i 
acid,  a  small  quantity  of  copper  sulphate  and  10  grams  of  |  : 
sulphate;  distilling  alkaline  with  sodium  hydroxide  into  qu:  i 
mal  hydrochloric  acid;  titrating  with  quarter  normal  anuno  i 
a  few  drops  of  an  alcohoUc  solution  of  alizarin  as  indicator. 


The  urea  nitrogen  was  estimated  according  to  the  method 
(American  Journal  of  Physiologj-,  Vol.  XIII,  p.  45,  1905),  , 
one  and  one-half  to  two  hours,  and  distilling  in  somewl 
strongly  alkahne  solution. 

"To  test  the  question  of  deconipoeition  the  ammonia  of  a  given  urine  t : 
me  eeUmated  by  Folin'a  method  on  successive  dst«e.  The  following  l( 
the  titntionaof  the  exceeeof  ttciil,  having  used  the  same  amount  foreail 
nation,  with  the  quarter  normal  NH.OH  solution: 


Junen. 

June  IB. 

June  19. 

June  20. 

,™!I. 

I 
n 

1.0 

S 

i«t 

io 

In  regard  to  the  use  id  chlorof(»mupoeBibly  affecting  the  chlorine  estimatii 
of  a  freshly  voided  sample  of  urine  gave  in  titration,  3.95  c.  c.  and  3.9&c.c. 
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JJIMONIA  NITROQBN. 

According  to  Folin  (loc.  cit.). 

TOTAL  PUHIN  NintOOBN. 

The  uric  Kcid  nitrogen  was  estimated  according  to  the  method  of 
Folin  (loc.  cit.)  and  the  remaining  purin  nitrogen  according  to  the 
method  of  Kruger  and  Schmidt  (Zeitschrift  fia  physiologische 
Chemie,  Band  XLV,  p.  1,  1905),  by  precipitating  the  total  purin 
bodies  with  sodium  bisulphite  and  copper  sulphate  sotutions,  decom- 
posing with  sodium  sulphide,  oxidizing  the  uric  acid  with  mangar- 
nese  dioxide,  precipitating  the  remaining  purin  bodies  with  sodium 
bisulphite  and  copper  sulphate  solutions,  and  estimating  the  nitrogen 
of  the  precipitate  by  the  Kjeldahl  method,  using  tenth  normal  acid 
and  alkah  and  alizarin  as  indicator. 


According  to  Folin  (loc,  cit.). 

CRBATININ  NrmooBN. 
According  to  Folin  (loc.  cit,). 


To  100  c.  c.  of  urine  evaporated  practically  to  dryness  on  the  water 
balii  are  added  1.0  gram  of  acid  sodium  phosphate,  IfaH,PO„  and 
about  15  grams  of  calcium  sulphate  (gypsum).  The  finely  powdered 
mass  after  being  thoroughly  dried  in  the  oven  is  transferred  to  an 
extraction  thimble,  and  extracted  2  hours  with  a  rapid  flow  of  ethyl 
acetate  in  a  Soxhlet  extractor.  The  ethyl  acetate  extract  measuring 
about  100  c.  c,  completely  transferred  to  a  separating  funnel,  is 
washed  by  shaking  vigorously  with  four  successive  portions  of  10  c.  c. 
saturated  sodium  chloride  solution.  The  washed  ethyl  acetate 
solution  is  transferred  to  a  KjeldaM  Bask,  25  c.  c.  of  water  are  added, 
the  ethyl  acetate  removed  by  distillation,  and  the  nitrogen  of  the 
hippuric  acid  residue  determined  by  the  Kjeldahl  method,  using  tcoith 
normal  acid  fuid  alkali,  and  alizarin  as  indicator. 


The  undetermined  nitrogen  represents  the  difference  between  the 
total  nitrogen  and  the  sum  of  the  nitrogen  of  the  following  bodies: 
Urea,  anmionia,  purin,  creatinin,  and  hippuric  acid. 


TOTAL   eVLPHUB. 


Ten  cubic  centimet^s  of  urine  are  comfdetely  oxidized  in  a  300 
c.  c.  Kjeldahl  flask  with  15  c.  c.  fuming  nitric  acid  according  to  the 
method  of  Schuiz  (PfiQger'a  Archiv.,  vol.  121,  p.  114).    The  total 
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sulphur  in  the  ash,  after  dissolving  in  dilute  hydrochloric  acid  and 
diluting,  is  determined  according  to  Folin's  method  (Journal  of  Bio- 
logical Chemistry,  vol.  1,  p.  131,  1906). 

IHOBOANIC  BULP&UK. 

According  to  Folin  (loc,  cit.). 

ETHEBBAL   SDLFHUK. 

According  to  Folin  (loc.  cit.), 

NBVTBAb   BtTLPHUB, 

The  neutral  sulphur  was  estimated  by  subtracting  the  sum  of  the 
inorganic  and  ethereal  sulphur  from  the  total  sulphur. 


The  phosphorus  was  estimated  according  to  the  method  described 
in  Neubauer  und  Vogel's  Analyse  des  Hams,  1890,  page  730,  by 
titrating  with  uranium  nitrate  in  the  presence  of  sodium  acetate  and 
acetic  acid,  using  cochineal  as  indicator. 


According  to  Folin  (American  Journal  of  Physiology,  Vol.  XIII, 
p.  45,  1905). 


Volhard's  method  (Neubauer  und  Vogel,  Analyse  des  Hams,  1S90, 
p.  705). 

ALBUWIN. 

The  testa  employed  for  the  detection  of  albumin  were  as  follows: 
The  heat  test,  made  by  heating  a  p>ortion  of  the  clear  urine  with  a 
drop  of  nitric  acid,  also  by  treating  the  hot  clear  urine  with  a  drop  of 
trichloracetic  acid  in  a  darkened  room  holding  the  test  tube  before  a 
highly  illuminated  sht;  the  contact  test,  made  by  bringing  the  clear 
urine  in  contact  with  nitric  acid  and  also  with  trichloracetic  acid  with- 
out mixing. 

SUGAR. 

The  presence  of  reducing  substances  in  the  urine  was  tested  for  by 
heating  the  urine  with  Fehling's  solution. 


The  periods  during  which  the  feces  were  collected  conformed  to  the 
tuinaiy  periods  and  food  periods,  and  were  ascertained  by  marking 
with  lampblack. 
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The  feces  of  one  day  were  intimately  mixed  and  divided  into  three 
equal  portions.  One  portion,  slightly  acidified  with  sulphuric  acid 
and  evaporated  to  dryness  on  the  water  bath  and  dried  in  the  oven, 
was  used  for  the  estimation  of  total  nitrogen  and,  incidentally,  of 
water.  A  second  unacidified  portion  was  likewise  evaporated  to 
dryness  and  used  for  the  estimation  of  total  ether  extract,  including 
neutral  fats,  free  fatty  acids,  and  the  fatty  acids  of  soaps,  and  also 
water.  The  percentage  of  water  of  fresh  feces  recorded  in  the  tables 
is  the  average  of  these  two  estimations  on  each  sample.  The  third 
portion  was  used  for  qualitative  tests,  including  hydrobilirubin  and 
indol,  for  the  quantitative  estimation  of  hydrogen  Bul]:^ide,  and  for 
the  bacteriological  examination. 


TOTAL  VtTKOaCN. 


Aliquot  portions,  usually  one-tenth,  of  the  finely  divided,  dried 
feces  from  the  acidified  samples  collected  during  a  given  period  were 
weighed  out  and  added  together. .  Duplicate  analyses  for  total  nitro- 
gen were  made  on  the  intimately  mixed  samples  thus  obtained  by 
the  Kjeldahl  method,  digesting  with  concentrated  sulphuric  acid, 
copper  sulphate,  and  potassium  sulphate. 


TOTAt    KTHKS   BXTRACT,    NBUTRAl.   FATB,    . 


Representative  samples  from  aliquot  portions  of  the  nonacidified 
dried  feces  for  the  given  periods  were  likewise  obtained,  and  the 
method  employed  for  the  estimation  of  the  total  ether  extract,  includ- 
ing neutral  fats,  free  fatty  acids,  and  fatty  acids  of  soaps,  was  essen- 
tially that  described  by  F.  Miiller  (Zeitschx.  f.  klinische  Medicin, 
vol.  12,  p.  45,  1887),  and  was  as  follows: 

Two  grams  of  finely  divided  and  thoroughly  dried  feces  were 
extracted  in  a  Sozhlet  condenser  18  to  20  hours  with  Eahlbaum's 
low-boiling  petroleum  ether.  The  ether  extract,  represesiting  the 
neutral  fats  and  free  fatty  acids,  was  thoroughly  dried  and  weired. 
This  extract  was  then  dissolved  in  petroleum  ether  and  olcc^ol  and 
the  free  fatty  acids  estimated  by  titrating  with  a  standard  solution  of 
[K>tassium  hydroxide  in  alcohol,  using  phenolphthalein  as  indicator. 
The  free  fatty  acids  thus  measured  were  calculated  aa  stearic  acid. 

The  contents  of  the  extraction  thimble,  containing  the  soaps,  were 
treated  with  a  dilute  solution  of  hydrochloric  acid  and  evaporated 
to  dryness.  The  finely  divided  and  thoroughly  dried  residue  was 
extracted  with  petroleum  ether  as  before,  and  the  dried  extract  repre- 
Buiting  the  fatty  acids  of  the  soaps  was  weighed.  This  weight  added 
to  the  weight  of  the  first  extract  represents  the  weight  of  the  total  ether 
extract,  or  "total  fats"  recorded  in  the  tables. 
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Duplicate  analyses  were  made  throughout,  with  the  exception  of 
those  subperiods  in  the  case  of  Subjects  III  O  and  IV  L  during  which 
the  food  was  not  collectad,  when  single  analyses  only  were  made. 


According  to  Schmidt  (Verhandl.  d.  Congresses  f.  inn.  Medicin, 
vol.  13,  p.  320, 1895). 

A  few  grams  of  the  fresh  feces  are  rubbed  up  in  a  mortar  with  a 
solution  of  mercuric  chloride,  and  the  presence  and  intensity  of  the 
reaction  noted  by  the  pink  or  salmon  color  developed  on  standing. 


Ten  grams  of  fresh  feces  in  100  c.  c.  water  acidified  with  sul- 
phuric acid  are  distilled,  and  the  distillate  treated  with  a  few  drops 
of  dimethylamido-benzaldehyde  solution  in  dilute  sulphuric  acid,  a 
pink  coloration  showing  the  presence  of  indol,  a  blue  or  violet  color 
showing  the  presence  of  skatol. 


A  stream  of  air  properly  washed  is  drawn  through  a  suspension  of 
finely  divided  fresh  feces  in  water  acidulated  with  sulphuric  acid, 
then  through  a  calcium  chloride  tube  containing  cotton,  and  finally 
through  a  solution  of  lead  acetate  acidulated  with  acetic  acid.  The 
precipitated  lead  sulphide  is  filtered,  dried,  and  weighed. 


The  methods  employed  are  described  in  the  section  on  the  "Bac- 
teriological examination  of  the  feces"  relating  to  Subject  I  K. 


The  total  nitrogen  of  the  foods  was  estimated  by  the  Kjeldahl 
method,  oxidizing  with  concentrated  sulphuric  acid,  copper  sul- 
phate, and  potassium  sulphate,  distilling  with  concentrated  sodium 
hydroxide  and  titrating  with  quarter-normal  hydrochloric  acid  and 
ammonia,  using  alizarin  as  indicator. 

Duplicate  analyses  were  made  throughout. 

For  estimating  the  total  nitrogen  of  all  the  food  material  for  the 
difl^erent  periods  two  distinct  methods  were  employed  during  the 
course  of  the  experiment.  For  Periods  I  to  V,  inclusive,  for  both 
Subjects  I  R  and  II  H  nitrogen  estimations  on  the  foodstuffs  for 
each  day  were  made. 

For  all  other  periods  for  the  four  men,  including  also  Period  V  of 
Subjects  I  R  and  II  H,  composite  samples  of  the  food  material  were 
70111— No.  88—09 40 
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obtained  by  taking  aliquot  portions,  usually  one-fifth,  of  each  food- 
stuff consumed  .and  putting  it  aside  preserved  with  sodium  fluoride 
in  a  jar.  At  the  close  of  the  period  the  cont^ts  of  the  jar  were  ren- 
dered uniform  by  being  passed  through  a  fine  meat  chopper  and  the 
total  mass  weighed  without  loss.  Unifonn  samples  were  taken  for 
the  estimation  of  total  nitr<^n.  Id  Period  V,  Subjects  I  R  and 
II  H,  the  two  methods  gave  the  following  results: 


Siib)wtIR. 

BDbJiict  n  H. 

BIO 
M.7 

Closely  agreeing  results  by  use  of  the  two  methods  are  reported 
in  Bulletin  No.  117,  Office  of  Experiment  Stations,  U.  S.  Department 
of  Agriculture  (1902),  pages  42  and  43. 

TOTAL   BTHER   BXTRACTe,    NEUTRAL   FATS,   AtTD   FREE  FATTY  ACIDS. 

Portions  of  the  composite  samples  were  evaporated  to  dryness,  and 
the  finely  divided  and  thoroughly  dried  residue  extracted  with 
Eahlbaum's  low-boiling  petroleum  ether,  following  the  samepro- 
cedm-e  as  that  employed  on  dried  feces  for  the  estimation  of  total 
ether  extract,  including  neutral  fats  and  free  fatty  acids. 


In  Subperiods  I  to  V,  inclusive,  for  Subjects  I  R  and  II  H,  the 
fuel  value  for  the  subperiods  was  calculated  from  the  individual  foods 
consumed  by  data  obtained  from  Bulletin  No.  28,  Office  of  Experi- 
ment Stations,  U.  S.  Department  of  Agriculture  (1906).  Fot  the 
other  periods  the  total  weight  of  dried  food,  less  the  ash,  was  cal- 
culated from  composite  samples.  The  proteins  were  calculated  by 
multiplying  the  nitrogen  content  by  6.25.  The  carbohydrates  were 
considered  to  be  represented  by  the  residue  after  subtracting  the 
proteins,  ether  extracts,  and  ash.  It  was  assumed  that  1  gram  of 
protein  as  well  as  1  gram  of  carbohydrate  yields  4.1  calories,  and 
1  gram  of  fat,  9.3  calories. 
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APPENDIX. 

It  is  enential  to  the  complet^neaB  of  this  report  to  append  the  d&ily  food  charts, 
Aowing  the  d&ily  iatake  erf  food.  In  the  case  of  Subjects  I  R  and  II  H  the  quantitiee 
of  the  various  foode  are  given  for  the  entire  time  covered  by  the  inveetig&lion.  For 
Subjects  III  0  and  IV  L  the  data  given  relate  to  a  part  only  of  the  eiperimental 
period.  The  arrangement  of  the  data  relating  to  the  nitn^en  of  the  food,  where  such 
data  are  given,  is  self-explanatory. 

daut  food  chabts. 
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U.T 
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32.9 
97.0 
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42.S 
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39:2 

in 

1 

ilB 
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1 

19,1 
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1 
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Is 
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MS 

es.i 

Zl 

1S2.5 
8KK0 
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BubjMt  I  B 
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3S.0 
83.  S 

!•■ 

Snnt. 

SUBPERIOD  III— Ton. 

j«l,  e.  taos- 

'is  t 

100.0 
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«.M 

'S:! 

03,2 
IRO 

1 

i 

Si.0 

If! 

S.BE 
3.T« 

.n 

.30 

:» 
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M* 

nitro- 

Data  and  Und  of  And. 

5ffi 

Per 

'SB* 

BDBPBRIOD  VIL 

S0.7 

■1? 

130.3 

Omiw. 

8UBPERI0D  VII- 

Pork 

Uwh«l  potatoes 

ffiiii.- ::::::::::: 

F|1«dpoUto(ito. 

AMguHS.190a. 

Ut.D 

A^tfui  1,  im. 

8&0 

Creamed  poUtofs 

8ia 

48.0 

817 
80.7 

Aufune.lUS. 

«.o 

M.S 

ssao 

1«.0 
33.0 
1W.0 

Is 

wo 

11? 

&ai\.iiib.™:- 

SX:::::: ::■;: 

mo 

11B.S 

eeiiD 

1S0.0 
1BS.0 

,s 

i 

2M.0 

g:::::::::::::::;:; 

^:;;;;;;;;;;;;; 



MUk ^ 

i^^ 

g^f-::::::::: 

gap 

Sir" 

aStSSr:::::::::::;:: 

AiviHtr,  iw». 

1! 

330.0 
140.  G 
1M.S 

13S.0 
23.0 

is 

UL7 

.-■. 

Foree 

BftkedpoCaHHi 

itoS.™." 

GooqIc 


' 

' 

DirtsBidklDdoftood. 

OffcSd. 

cent 

s 

ItetoMdklad<^6»d. 

m: 

Per 

BUBFERIODVm- 
CoDtlnuod. 

Bn»d 

106.6 

B7.0 

1M.0 
1015 

o™*.. 

aOBPEKIOD  VIII- 
CoDtliiued. 

A<tfM  IS.  taoa. 

Oram*. 

31.2 

tsa.0 

303.S 

C&B 

«is 

tU.3 

sao 

Onmu. 

Butter 

Sous-:::::;::::: 

?Xriii-.v;;;:;:::::: 

! 

Boiied'piJi^ii^v;:::::::: 

fc.:.::::;:::::: 

:::::;::[:::::::: 

Frtsdonii™,"';;;;;"!;" 

1 

C*kB(!pong8) 

gSpii-;-: 

A«tiM»,im. 

361.0 

8UBFERIOD  IX. 

Atvuf  It.  im. 

'S! 

20.4 

as 
Is 

117.6 

AtigiatlO.iaOt. 

101 0 

47.  G 
78X0 

lao 

1 

1 

»:::::::::::::::::::: 

1 

Fore« 

Lettuce 

Sfop-V 

Soap 

S. 

?Sttr-::::::::::: 

Peachol 

1 

Gravy 

a^»..::::::: 

I?l^^v.-.-.:::::::: 

^uinul  f f,  /PM. 

Is 

11 

Is 

44D.O 

is 

m4 

.     ilttfiul  /r.  J««. 

2I1.3 

smio 

233.3 

106. 0 
4B.5 

ill 

KLO 

80.7 
203!s 

ffi! 

131.8 

Is 

1B.S 

XnJMl  /«,  1908. 

as 

es.] 

Cnuned'  poUloes 

IMta-x, 

ComflBkea 

D.qilizMB,G00>^le 


Daily  food  ehartt — Continued. 


D.qitizeabyG00<^lc 


636  SODIUM   BENZOATE  AW  THE   HBALTH   OF  MAN. 

Dmiyfood  ehorto—Oiwtinued. 
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:» 

.28 

:3i 

'1 

if 

!is 

LB? 
LOS 

!ia 

.(6 

15.  IS 

Subject 

HH. 

flUBFBRIOD  I-Con. 
June  18.  im. 

1! 

33.1 

|j 

82.' 0 

is 

3.9* 
.33 

1 

I 

.31 

Oram*. 

.1? 

iwifl 

|:! 

amis 

ill 

143:4 

Is 

83.7 

.32 

is 

:i» 

.31 

.n 

.78 
.31 

Lettuoo 

.06 

.14 

70111— No.  88—09 U 


..'.lOo*;; 


DaUindkbidollood. 

P. 
WeWit    JS 

<1. 

Walght 

DMsaDdUndallbod. 

P. 
WeWit    „? 

s 

d. 

"L*' 
C? 

BUB  PERIOD  I— Con. 

Tt  I 

1    ■ 
11 

222^3        1 

1 

20 

11 

1 

J.  37 
.2S 

!04 
.33 

la 

;i8 

3.23 

/u««J.I»OS-Con. 

Onnu. 
eeao     a 

40 

OmiM. 

80BPERI0D  11. 

11  ' 

81. 3 

121.4 
I8S.E        1 

24 
S3 

23 

2g 

1 

40 

ar^;;;;;;;;;::;; 

f^ 

.28 

20.43 

ge.3      1. 

M.5 

44ao 

49 

1.2» 

gTb^f 

2.18 

JrtmSS.ISOa. 

m.3 

44.1          i 
11S.S 

8817 

128.2 
S3.4 

13a  7 

128.8        1 

440.0 

49 
38 

1 

IS 

i 

1|!    • 

34. » 

i 
1 

18 

S.I8 

:»e 

'S 

11.  OS 

.W 

11    ' 

1!  ' 

wo 

1U.4 

■ai  ' 

7«).0 

03 

1 
1 

i 

ji 

1.B4 

1:22 

ISSv.;;:::::::::::::::; 

Pot«»«8  {creamed) 

IX"^^^ 

Junite.iKS. 

— 

— ir« 

82.3 

33 
se 

i 

00 

37 

27 

40 

X.01 

CreamBd  polatoa 

.« 

z!^ 

■R 

3.' 63 

T^jc^wUhpeacbea 

•s 

17.  W 

Z.I7 

OT.8         . 

'Is 

1*4.7 

is  . 

101.0 

21 

a 

s 

1 

1 

BUgM 

Jtiuti,  im. 

1 

ZBS.9 

33 

s 

.87 

Batter 

Follerthim          
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Subject  n  H. 

Sabjeot  H  H. 

DXaudkfaid^lMd. 

Sfflt 

» 
a 

K" 

-IS' 

Ditaudklndaffciod. 

W«(gbt 

Par 

BCBPEHIOD  n-Con. 
/WW  »7, /SOS-Con. 

Is 

132.  S 

•S! 

0.21 

o"!re 
J 

.48 
:!8 

eCBPERIOD  m- 

Contlniwd. 

Julfiamde.im-Con. 

Onmt. 
101. 1 

71.2 

:S 

^ 

31 

m» 

j«/r «.'««. 

iP 

ILO 
31.3 

191.3 

.32 

3.88 
1.43 

'.M 

in 

^i 

12.  as 

Junta,  isoi. 

384.6 
SS0.O 

'.4a 

£.04 

SIS"^.™^::::::::: 

vl 

Lgttaoe 

l.M 

Jmttt.IQM. 

21S.S 
79.8 

(6.6 
110.  < 
«.7 
69.0 
3«.5 
M.2 

129.7 

S7!3 
E20.0 

4.»7 

22 
40 

m 

42 
04 

/Bif  r,  ISM. 

1 

3« 

M 
11 

.X 

i.2S 
6.23 
.42 
.86 

.m 

.21 

:s7 

.IS 

.49 

Is 

9A.S 
20.S 

li 

270.O 

■li 

670.0 
99.4 

French  &ed  potatoM .... 

2.H 

IS.  IB 

IS8.1 

27.6 

A3.e 

Is 

92.6 

1! 

t§ 

1.03 

J 

JiOii.tm. 

Sugar 

j-uir«. '«w. 

1 

r'l 

13IL7 

si 
1 

£.14 

!so 

:i 

■f. 

1 

H 
31 

'"'-'S^- 

^^- 

^S:::::;:::::;: 

I?SI».::;-.:-.-.-.::: 

^S 

gs& 

^:::::::::::::::::: 

?ai-.::::::::::::::: 

:fi 



e.G4 

131.1 

te.3 

4.99 

1 

flO 

07 

hst^EEE: 

lfl.94 

subjMt  n  H. 

SabJeetHH. 

IteteuidklDdoIIOod. 

l 

Wslght 

DsteandUndoffbod. 

5« 

Wjlght 

BDBPEBIOD  ni- 

SMI        ( 
23.0        1 

41 

1 

W 
07 

i 

4) 

Oranu. 

8UBPBHI0D  rV-COD. 
7itfV«,  I«M-Con. 

ITs 

9M.0 
66.0 

.40 

Oram. 

iSSriiiib;;;::::::::;: 

ssf 

(.W 

■ 

76 
W 

0« 

i 

08 

Jult  IS.  IKS. 

iSSSS^.™  - 

1&9« 

20t.G 

78.  a 
Ilia 

140.3 
102.  S 
44.6 

92.7 

lis 

138.3 

273.8 

£1 

96.4 

.31 

4.28 
'.SJ 

,1 

i.«e 

.07 

.» 
'If 

^^i-i 

43 

.70 

1.... 

IJI.l 

16B.S        1 

J:; 

i 

33 

1 

S3 

i 

1 

Biead 

B«Wf 

"il 

32 
79 
42 
24 
30 
69 
08 

r» 

67 

augsi 

B^urr.;::::::: 

IT.SS 

1|5 

i 

Is 
11 

1,100.0 
9.3 

ii 
1 
J 
■I 

£S    ■ 

a 

32 

Ctmbenrple 

19.44 

«Sf 

Ij    ■ 

joifl 

Is   ' 

1B6,S        1 

H0.0 
fi.3   .... 

29 
47 
31 

M 

I 

49 

SSiEdh^" 

30 
30 

i 

oe 

80 

i 

i 

HlUc 

.16 

SKi-;;::::::::::;::: 

JlUftS,IIOS. 

1.B7 

.IS 

24.41 

aiB.2 

is 
1 

186.9 

.61 

a!  11 

,1 
1 

oio 

pg^^.-.-.::::::::::: 

i:Sf 

fflz;.-;.::;;::;:: 

BSwr":::::::::;::;::: 

gS^»i.'-uii:;:.;:::: 

« 

sngir 

^^^s^ 



12. 9C 

J«lr«,/«w- 

12L0         J, 

s 

4.43 
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tanSen'.'.V,, ',.;!! 
Bt«k 

llHhed  jnUtcMs . . 


Bhndded  wbaU. . 

Pcwba 

dabloapc 

BnwI.... 

ButWr 


MedODdOali.. 

ClaiabroUi 

Ovat 

Halibut.. 


HMhnliioUt 
CiMnua  poU 


BUwad  pluTiis. 
CreabcR?  Urt. 
Cora  flakes..... 


Bologna  mmge . . . 
Mubedpo^tiiei.. 


Butter 


8UBPER10D  V. 


1S.U 

!   jgj^ 

38 

2.46 
13S 

SlOO 

1!1 

.04 

646  SODIUM  BBNZOAIB  AKD  THE  HEALTH   OF   UAH. 

DaHy  food  ehartt — Continued. 


SabJeotnH. 

Subject  HH. 

DaWnndldndolIood. 

Ftt 

Weight 

D.toMid  kind  ot  bod. 

5ffi 

Far 

8UBPKBIOD  VI. 

Onmi. 

1 

278.1 
101-8 

S 

G3.S 

igg.e 

<7nii». 

flOBPERIODVI-Con. 
/idytl.lMM— Con. 

!■ 

SS.2 

3B0.7 

WOO 

<?raiw 

/Uljr ».(««. 

20S. 

'ii 

ice. 

JultU.tBOS. 

S7.0 
80.4 

.as 

80.7 

S: 

CbgcoUMoupinkB 

20. 
108. 

j«iite.iaos. 

Te!o 

83.0 

«ke 
i«olO 

82.0 
89.0 

Is 

SUBPEBIOD  Vn.  . 

J»IS.J1,J«M. 

1710 
1M.7 

1 

817 

j«ittr,i»oa. 

33.2 
188.1 

SIS 

l! 
|i 

IMS 

MUk 

Buttflt 

c3Sh^::;::;:::: 

.iuff<i«<(.(«W. 

a.„«ii.::::::::::::; 
Jsyiii;::::::::::::: 

1! 

88.8 

U.G 
B7.8 

10l!7 
118.8 

ISS-ded-whei.^::;;:::: 
S£S^;:::::::;;:::::::: 

MUk 

Ss^^^i 

200.3 
88.7 

she:;:;;:;;;:; 

ii 

:;oogic 


ACTION   OF  SODIUU  BENZOATE  ON  THE   HUMAN   BODY. 
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BobjMt  n  H. 

Subject  n  E. 

DMeaudUndollood. 

^k£^! 

P« 

Data  aod  klod  ol  food. 

Weight 
otidbd. 

Oram,. 

Si 
11 

is 
Is 
If 

60. 0 

82.B 

Pet 

BUBPERIODVII-Con 

Augu11,I»OI-a>j>. 

Or««u. 

Onimt. 

8UBPRRI0D  VII-4:on 

OfOB.. 

1 

1M.0 

8S.0 
880.0 

Fmnch  Iried^^tabwi. . . 



Al,KmS.ltOI. 

l».Z 

ii 

1; 

mo 
«.o 

M0.0 

»! 

08^2 
6.8 

8UBPERI0D  VIII. 

Atifutt  T,  laoa. 

S3.S 

74  7 
1U.8 
I6S.I 
223.9 

A,vi^i.ieo». 

78.7 

a7 

11 

390.0 

mi 
Me 

1! 

so-e 

88.0 
H4O0 

280.  e 

Autu$ia.isoa. 

W.0 
128.  S 

22S:o 
20B.* 
97:2 

Aufaie.lXS. 

~" 

B1.0 

li 

39.0 
131.0 

UIO 

?5s:r*s2?"": 
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Daily  food  diarU — Continued. 


Subject  n  H. 

SnbjMt  n  H. 

DUe  md  Uud  vl  load. 

sa 

Par 
oltro- 

D*touid  Mod  ot  lend. 

W^ght 

OllMd. 

Per 
nltro- 

aOB  PERIOD  vin- 
ConllDued. 

AotfOM  10.  IKS. 

11 

S2.Z 
120.0 

... 

SOBPERIOU  VIII- 

-4ti<n«(M.J««-Con. 

4.0 
•2.8 
1B.S 

24.3 
117.2 
3SO.0 

tt.2 

Owu. 

fiUBPERIOU  IX. 

AtifM  li.  im. 

238,2 
23.3 
1I9.B 

li 

440.0 
3213 
2QS.1 
W.3 

7i.3 

li 

106.4 
200.J 

4&6 

MS.7 
MO.O 

B:! 

S2.4 

Amliut  U.  ItBS. 

33S.1 
W.5 
TO.  8 

iim!i 

78.2 

173.7 
36.4 
249.  S 

sb:? 

81.7 

^™::::::;::::::: 

Bulter 

air 

A«t>i1  li,  f««. 

5!1 

i 

23.1 

11 

40.4 
46.0 

S:! 

|i 
ill 

se.7 
12a  2 

-iKiTtut  (6.  im. 

Is 

48.0 
046.0 

S! 

46.0 

Auitm  IT,  1903. 

lOLO 

11 

A«tuM  13,  IKS. 

.- — = 
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subjMtnE. 

Dale  ind  kind  01  l»d. 

^:;s£ 

Pm 

Ibod. 

DatoBDdldndoffood. 

olSod. 

Per 

§ 

Weight 
nllro- 

8UBPERIOD  IX- 

Continued. 

AntM  IS,  lUIS. 

iitt.i' 
is 
1 

21.  S 

11 

63.7 

OraiM. 

J«VW(tl,J«Gi8— Tod. 

Onnl. 

MAD 

-SI 

4a  3 

Onau. 

i3Si;:;;;::::::;:::;: 

SUgH 

SsffiS-::::::;;: 

! 

Anfuitu.im. 

104!  1 

10s.  1 

LSt.o»';;:;:::::::::::::: 

44ao 
S8.3 

600 
67.2 
27:2 

Bread 

Atvt  19,  IBM. 

1«&2 
lgii.0 
17.0 
82.2 
216.1 

.S 

32.7 
202.4 
B8.1 

mo 
ea.3 

1 

SSTiiip, 

AiLiu,tl3.IKS. 

G(LO 

1! 

771. 0 

TomUoei'.'.'.'.'.'.'."'.'.'."'.'. 

K:::::::::::::::::: 

^«^«4.I«W. 

S>.0 

191,7 
B3.3 
28.1 

128.  S 

Ik 

IT(LO 
178.8 
T8.2 

138!o 

Avfuit  m.  isoa. 

K0,3 

j 

233.  H 

22o!d 
3J.8 

C«k« 

Bread 

C0.4 
702 

168.7 

01.7 

1! 

SI. 4 

SX::::::;::::::;::::: 

Autott «,  im. 

207.2 

1! 

14a  7 

1 

Cake 

GoQi^lc 


SubjMtnH. 

SnbjMtnE. 

DbM  ud  kiDd  or  load. 

Weight 

Par 
cant 
nilro. 

DU«  nod  kind  oltDod 

1    pw 
WW    ^ 

8DB PERIOD  X— Con. 

AntuMtS.IIOS-Coa. 

880.0 

^! 

WO 

SUBPEEIOD  Xl-Con. 
SejiUvditTS,  I90»-Coa. 

331.  S 

«.». 

SSr.lr.-v.-.:::::: 
iSi.-.v-;:-  ::■■::: 

1 

Sugar 

Atts^te.iaas. 

S! 

M.1 
ICl 

28.B 

1214 

7J7.2 
»4.0 

lis 

11 

22.8 

4«.0 

236.7 

&.■■■■.■:;::::;::::: 

SSr^e:::- 

BipUmbcTe.im. 

306.8 
813 

28!  7 

ffl! 

Aueuu  ir.  1908. 

si 

88.9 

is 

833.4 

12&9 

C"««rd.. 

aipUmbtt6,lM. 

^ 

11 

-  ■ 

411 

38. 8 
S3.0 

ii 

B5.1 
101. H 

nsio 

162.  S 

»1S 

i 

mo 
87!  a 

StpUmbtTT,l90l. 

Bre«d 

StjUtmbiTS.  I90». 

278.7 

l&O 

8B.3 
13a  4 

Stjutmbn  8,  ]«». 



231. 

1 

1 
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Subject  n  H. 

Bubjeet  n  H. 

]>a(fliiidklndollDDd. 

T^ 

D>Uuidkliidori60d. 

5l!ffi 

Pv 

8UBPBBI0D  Xl-Con. 
SqitCTlSerfl, /SOS-Con. 

n-s- 

Oramt. 

BUB  PERIOD  Xn-Con 

ContlD^. 

Omm.. 

4&B 

1 

IB.  8 

55 

„.. 

■ 

Stpteml>er  t».  tm. 

uao 

,f}? 

j 

laaa 

S^I^S*"" 

110.  s 

11 

7S.0 
51.* 

SivUnAtt  U,  taoB. 

JS17 
28.4 

ia4 

T<L1 

21.3 
8L1 

Is 

440lO 

33S.S 
43.2 

1 

^:::::::::::::: 

BtruabtTio.isoe. 

is 

ill 

Tmtattpwldliu. 

IBT.O 

acta 

2&S 

S3.8 
I3&! 

lis 
il 

880,0 
73.0 

200.1 
38.0 

45.8 

li 

gJ^J 

fe- 

St^tcvAfT  16,  laoe. 

SS 

^'^ 

mo 

ri»Tmi 

h  Google 


DatotndklDdirfliwd. 

». 

Par 

DttoudUndDllood. 

Welsht 
offwd. 

Per 

8UBPERI0D  XIII- 

Orttmt. 

Si 

Tit 

M 

24,1 
211.8 

^. 

aiTBPERIOD  XIII- 

SeptembcrK,  /(OS-Cue. 

OrnM. 

Onwu. 

Bnttw 

StpUwbtrll.im. 

222.4 
10B.3 
1Z1.T 

64.S 
38.6 

lflS.3 

108.0 

208!o 
440.0 

11 

88.8 

i 

£! 

S>.0 

i: 

PoUtos,  maahBd 

P«JJChW«lpoU.O»... 

StfUnier  IT,  IKtt. 

270.2 

is 

UO.B 

as 

1M.1 



Sngw 

25S. 

1 

lao. 

1 

236! 
38. 

SS'rp.'v.:::::::::::. 

Crauned  PDtatOH 

iwfc;itoii.v.:::::::::. 

iu^^fii^i^ 

asJi, 

cS^be^'" 

?SSiSp"--"--"- 

B^^S^::::::;::;::: 

S:^;::;;;;;;;;;;;;; 

Bread 

5^-::::::;::::::: 

8ug»r 

ScpUmbcrlS,  ISM. 

si 

03.5 

I4B.0 

SI 

tfflio 

!|f 

i 

12a  1 

Stpltaba  19,  ISO). 

2SS.S 

,1 
'i 

297. 

Bread 

BtpumlKrlO.IBOI. 

mo 

«:7 

is 

Sepumia  U,  1906. 

188.  G 
GS.O 

flbrlTigNwiii 
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SnbjMt  n  H. 

Sab}MitnH. 

DtHmdVnaotboA. 

Wdghl 

DateudUndotlood. 

Wel^t 

Par 
nltro- 

8UBPBR10D  XIV- 
CoDtlnued. 

atrltmlierU.l90l-Con. 

Onnu. 

.„ 

SU  B  PERIOD  ^V- 
CoDtUnwd. 

Octabtr  1,  laOS-Coa. 

Oromi. 

Orant. 

tsyo 

i 

73.S 
1M.S 

fir^^r::::- 

134.  S 

aq»tmi„B.im. 

! 

ice.a 

11 

Ml 

eo.0 

Is 

eUBFERlOD  XVL 

SS.0 

fi 

mo 

90.0 

ffi! 

1         i 

StfUmhat9.iXI». 

20,0 

SsS^^*""" 

(Msbir  3,  ISOe, 

ui.a 

Mao 

187.7 

1! 
ii 

Is 

33at 

11 

1M.2 

nolo 

«<F<«nterSEI.J9(«. 

Is 

11 

omiitTi.  ism. 
flmip 

Craunpull 



ii 

OtMitrl.tm- 

S! 

OtubaS,  im. 

20B.E 
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BnbjMtHE. 

SabjMt  n  H. 

DateiodUiidoriood. 

SfcS* 

nilm- 

DataaodklndattDod. 

DtlMd. 

p« 

SUBPERIOD  XVI— 
continue. 

QOcUrt.lK^-Cao. 

Oramt. 

Ornrat. 

SUBPERIOD  XVII— 
CoDtlniwd. 

Qnmt. 
Z«&S 

w.o 

8L0 

ll 

S3.8 

Si 

141.2 

Sf! 

St.fi 

OroM. 

Sw«etpo&loffl 

ICO-S 

tn'-b 

:;:::::;|:::::::: 

oefA<Te,im. 

OetD»«r  10,  not. 

11 

it 

80,7 
9fi.D 

710.0 

1W.0 

li 

74.0 
18&0 

Ss 

S9.D 

|! 

S;^;:::;::::;::::::::: 

Bultor 

i^:::  ::::::::::: 

•S.0 

Is 

30.  D 

41 

iw.o 

IDO.O 

ii 

KS.6 

ll 

88.0 

JS8 

MS 
101.1 

1Z&2 
1C0.1 

B1.7 

12S.2 
IOCS 
33.0 

ii 

100.0 
213.0 
SSS.S 

Omvy 

ButWt 

g^^ 

SUBPERIOD  XVIII. 
OtfJba  it,  1X6. 

'" 

OaOba  »,!»». 

1? 

■m.a 

kfl^HlpatabMa 

W.0 

sola 

382:0 
10J.9 

; 

ButwV.v.v.:::::;;:::::: 

v^^^^^^^^ 
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BabjeetnS. 

BubjeotnS. 

I^taudUddOtlDOd. 

55S! 

cent 

s 

"§• 

5« 

EM 
otnt 
nltm- 

Si' 

BUBPERIOD  XVni- 

oaoUr  a.  im. 

T 

OmiM. 

SUBPERIOD  XVm- 

Is 

7V.I 

■S8 

sao 
Mao 

1747 

sao 

Or^. 

136. 

^'^:::::-:\  |! 

91.5 

ChDcolatd' puddli« US.7 

19a.  8 

S8.8 

Subject  TCI  O. 

Sabj«ct 

mo 

BUBPERIOD  11. 

7«™  M,  IMS. 

Onn>. 

100  0 

Ontnu. 

BUBPERIOD  ll-Con. 
/MM  »,  IMS-Cod. 

fiao' 
leo.o 

iioio 

OranM. 
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ACTION   OF  SODIUM  BENZOATl   ON  THS   HITMAN   BODY. 

Sydrogen  tuiphide  inftet* — CoDtinued. 
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BEKIBS  jr. 
Qraphle  repreneiitatioD  of  body  WAighta. 
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SEIIIBS  X. 
Oraphie  repr««eiit*tiaa  of  gas  proda«tion  by  fecal  bacteria. 
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SEBQiS  H 


No.     I.  Complete  chart  of  all  gastric  and  blood  worlc. 

No.    II.  Average  of  {our  hemc^lobiDestimalioiiB,  nix  blood  counts,  four  differentials, 

ana  two  gastric  analyses  Iti  each  exam i nation  of  patient. 
Ho.  III.  Curves  eliowing  relative  weights,  hemoglotiin.red  relU,  and  whiu  cells  from 

Chart  11. 
No.    IV.  Chart,  comporite  curvefl,  and  averages  of  averages  of  results  obtained  from 

the  lour  teet  cases. 
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BIBUOGBAFET. 

Kbllrr.    Cber  Verwandlung  der  Bensoeettuie  in  Hippum&iire.    Liebig'e  Annalen 
der  Chemie,  1S42,  XLIII,  lOS. 

Aulbor  took  2  grams  ol  bencohi  add  la  evuilug  wltbout  clhct  oUwr  than  night  smut  (tutboted 
to  the  odd.  This  dose  was  taksn  tluee  ttmta  urit  flor  wltbout  other  effects.  Much  bippuilc 
add  waseifFBled.    Uma  and  mla  aold  mm  not  deara(«d. 

Marcband.     Cber  die  Oxydationsproducte  des  Leime  durch  Chronufture.     Jimnul 
fflr  pntctische  Chemie,  1845,  XXXV,  309. 

OtSgramiolbeiuolCBCld  takSD  atODcemoEtwBsieoDVBiHlulilppiiileKld.  DlaDhM.  Dur- 
ing todsyi  30  grams  otbeniolo  acid  vera  taken.    No  laentlaa  oT  ill  etiecti. 

WObleb  and  Fbbrichb.    ttbei  die  Vetfinderungen,  etc.    Liebig's  Annalen  der 
Chemie,  184S,  LXV,  335. 

In  experbneula,  mostl;  gn  dogi,  baniaklehTde  wn  traubTiDed  in  the  orgaolnn  to  benmlc 
ndd  and  excreted  as  hlppoilc  add.    Ethyl  beuioste  la  tiuubnned  to  hlppiuto  add. 
KUhnb  and  Uallwachs.    Cber  die  Entstehung  der  Hippureiure,  etc.    Viichow'e 
.^Tchiv  for  patholc«iache  Anatomie,  1S&7,  XII,  386. 

Injection  experlnienla  on  do^.  Formation  ol  btppuiic  add  [lom  Introduoed  baniolD  add  does 
not  occur  In  lnteslln«,  nor  In  cliculatlDE  blood,  but  In  bepatlo  Toreli  In  praaeoca  alconstltuaDta 
of  Mle  (glycBcbollc  acid). 

l.iicKE.    tiber  die  ADweeenheit  del  Hippufeiure,  etc.    Virchow'e  Archiv  fflr  pathe- 
logieche  Auatomie,  1860,  XIX,  196. 

Method  of  detecting  hlppurio  acid.    Uany  specimens  ot  Dormal  urine  Irom  mixed  diet  conlahi 
no  hlpptnlc  acid.   It  Is  ioimd  altar  taking  lOod  moati;  Tagatalilei  also  after  eating  Irult,  espedally 
craoberrles.   Fresh  Irult  apparantljr  oontaios  Iras  beniolc  acid. 
Laitbuann.     Cber  die   Seductiou   der   Chinaefture,    etc.     Liebig'a   Amtalen   der 
Chemie,  1863,  CXXV,  9. 

Author  took  8  grams  of  the  calcium  salt  of  quink  acid,  which  Is  easily  trauBCamMid  Into  baniolo 
acid  In  the  laboratory.    It  was  excieled  as  hlppnrtoadd.    SamerasultB  vlth  two  otlier  lubjecls. 

Maitscbewbkt.    Ziv  EDt«tehung  der  Hippursfiure.    Viicbow's  Archiv  fOr  patho- 
logisehe  Amtomie,  1863,  XXVIII,  538. 

Id  dogs,  after  diet  uf  bread,  meat,  or  milk,  urine  does  not  contain  hlppurio  acid.  Qululo  and 
clnanilc  adds  afford  much  hlppurlc  add.  Alter  giving  beniolc  add  per  os,  In  one  dog,  with  alka- 
line urine,  free  benzoic  scld  was  excreted;  In  another,  with  acid  urine,  hlpporlc  uid  benxoic  adds. 
In  man  qulnlc  add  increased  the  output  of  hlppuilc  add. 

Mkihsnbr  and  Shepard.    Untersuchungen  Qber  das  Entetehen  dei  Hippursaura  im 
thierischen  OigauiBmus.     Hannover,  1S66. 

There  Is  no  hlppurio  add  or  baniolo  acid  in  the  blood  ot  animals  which  excrete  hlppurio  acid 
iU>undanUy  In  the  urine.  Aooordlng  to  the  authors'  oxperlmenti  on  man,  Ingoitlon  of  T.G  gmms 
of  benzoic  acid  as  sodium  salt  in  solution  after  brealcEast  was  followed  suddenly,  30  minute?  later, 
by  nausea  and  vomithtg.  Whan  11.7  grams  were  taken  after  breakbst  there  was  Tehement  vomlt- 
li^  after  about  3S  minutes.  Whan  Tigorous  exercise  was  taken  after  the  same  dose  (G.T  granu) 
there  was  some  nausea,  but  no  Ttnnltlng.  The  nsusee  can  be  made  to  disappear  by  violent 
•xBiclie.  with  deep  Inspliatlans,  etc.  Alter  taldng  3.8  grams,  when  the  subject  was  kept  quiet 
In  a  warm  room  there  was  do  nausea  or  vomiting.  A  stranger  and  heavier  person  repeatedly 
took  7.S  grams  without  these  symptoms.  Then  was  no  blppuric  acid  In  the  sweat  or  saliva. 
7.0  grams  taken  In  two  divided  doses,  without  nausea  or  vomiting,  failed  to  produce  Increase  of 
urea,  but  rather  a  tendency  to  decrease.  In  man,  dally  outputs  of  hippuric  acid  In  the  urine 
have  been  observed  as  loUows: 

Qiams. 

By  Wdnnann,Dnnilxeddiet 2.tJ 

By  Boedekei,  for  normal  healthy  Individuals 1.0  to  2.0 

By  Hollwachs,  on  diet  not  exclusively  composed  of  meat 1.0 

By  Bance  Jones a25toa45 

By  WBlsmsiuii  on  meat  diet 0. 70 

By  KDtine,  on  diet  mosUy  of  meat Ttacea. 

By  the  authoni,  on  diet  not  exclusively  composed  otmest 0.08  to  a  1 

The  amount  seeros  to  be  very  constant  under  the  same  coadltkins. 
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772  SODIUM   BENZOATE  AND  THE   HEALTH  OF   MA2f. 

The  aathora  conclode  from  tbelr  eipoliiiuits  on  snlmBb  tbst  the  kidney  b  tlie  only  or 
wbare  beaiMa  acid  b  oMniAUr  tmuloriDed  Into  hli^uilo  add.    Wbeo  2  Emus  ol  bmueic  :x  .. 
par  day  were  led  to  &  nbblt  during  3  da^  Hum  ma  no  deaxvaa  In  niBs  output,    to  a  :  ' 
ol  12  to  13  kElDgram:,  8  sranu  ol  beoiolc  acid  glveo  la  solntloa  per  09  caused  vomittiif.    L:i 
8  b™™^  *^™  given  twice  a  day  aa  dry  powder  packed  In  meat.    There  wai  appaieatlj'  ■ 
decrease  En  urea.    After  aevera]  dayn  a  toxic  eflect  waa  noted — difficulty  In  urinating,  spo^ 
attack  of  raee,  attempts  to  bite.  (Dam  at  mouth.    Beniolc  acid  nas  continued  2  daTanuira  and  -. 
attacki  nKumd.    Appetite  remained  good.    CoDmlsloosoccurredtbadayaner  the  beiuok' > 
admlnlatiBtlon  wasslopped,  and  Ihea  they  ceased.    Similar  atlaclcs  were  observed  in  a  s!l 
dog  which  received  10  grama  bencolo  acid  lDi3day3.    The  authois  conclude  that  tbecoatln  -> 
administration  ol  large  amounts  ol  beutoic  acid  la  not  without  danger,  although  Keller  took  2  gis    ' 
per  day  IDr  some  time  without  feeling  aoy  111  elTecta.    Hippuik:  acid  Is  formed  Ittim  bemotc  ■ . 
In  all  anlmala.  'Autjiora  ramclode  that  in  herbivorous  ftn'"ii>l<  the  excretion  oT  hlppurlc  tuji : 
dependent  en  the  cutlcular  nibstanceaf  plants  tngeited.    The  small  amount  In  normal  hiiCL. 
urine  probablyderlv«*  Its  origin  from  metabolism  products.  j 

HomEiSTER.  BeobtLchtungen  fiber  Bippim&urebildung  im  Pflanzenfnvioc rfaan  i 
Landwiilachaftliche  Veisuchsstationen,  1871,  XIV,  45S. 

BvcHHOLTZ.  Antbeptica  und  Bacterien.  Archiv  fOr  experimentelle  Patholu-.-^ 
und  Pharmocoli^e,  1S75,  IV,  1. 

Btudiea  OD  the  bactarlcldal  action  of  beniolc  acid  and  banviatei.  Bacteria  are  deatroyeJ  ' ' 
beniolc  acid  in  a  coaceatiBtlon  ol  l  Co  HO,  In  his  media  sodium  benioate  inhibited  devdopm^  ; 
ol  bacteria  Id  >  conceDtratlon  of  1  to  2,000;  beuiolc  acid  In  a  coocentratloD  of  I  to  1,000.  I 

Wbiskb.  Untersiichuitgea  Qber  dio  Hippursaurcbildung  im  KOrper  des  Eerbivn^- 1 
bei  Verabreichung  verachiedeiiBitiger  Futtermittel.  (nntci  Mitwirktmg  V":  | 
Eellner  und  Wien&nd.)     ZeitBchrift  fOr  Biologie,  1S76,  XII,  241. 

The  Bsiumptlan  ol  ICetasnai  and  Bhepard  and  Harten  that  ths  cutlcular  EubstamB  ol  [^ai  i 
la  tbe  mother  substance  ol  hippuric  oi  benzoic  acid  la  little  probable.  A  small  amount  at  hlppii?  i 
add  has  a  normal  metabolism  Independent  ol  Hsod.  In  rams  kept  on  hay,  Introduothm  of  i 
grams  of  beniolc  acid  per  day  did  not  glverise  to  the  appoiranceol  free  beniolc  acid  Intbe  urti  | 
The  InemuB  In  the  eicreUon  of  nitrogen  after  beniok:  acid  doea  not  oocur  at  tlw  aipense  of  inr.  , 
Ths  urine  of  one  animal  led  wltb  beans  and  potatoes  was  loond  free  from  blppurlc  acid.  Aiv  i 
addition  olbaniolo  acid  to  the  food  (tor  3  days  5  grams  and  tor  1  day  10  grams)  only  free  beoi-<  . 
acid  appeared  in  the  urine  and  do  hlppurio  acid.  With  same  toai  plus  ^ycocoll  there  was  no  h-i- 
purlc  acid.  With  {^ycocoU  and  bouolo  acid  and  after  feeding  S  grama  of  hlpputlc  acid,  only  It* 
beniolc  acid  and  no  hlppuiio  add  was  bund  in  the  urine.  Author  concludes  thal^  hippurk;  -jr.' 
had  been  decomposed  in  the  body  and  that  the  kidneys  do  not  always  fonn  Uppmlo  add  ijrr 
bensohi  add  and  glycocoU.  i 

E.  Oeolow,  tiber  die  Einwirkung  der  Salicyl-  und  der  BenzoMtire  atif  Faiiini'  i 
uadG&hruDg.  CentTalblaUfarChirurgie,  1876,  p.  777.  [Abatractby  W.  Grulv  j 
Origiiul,  Ruseitui.]  I 

BoChacldalnhlbllputielactlonandlermsntatltHi.  Beniolc  add  moni.  AIt«tntemal  apidlcatk  i 
the  urine  decomposes  more  slowly.  Small  doses  have  no  InSuenra  on  stomach  digestlwi.  Unf  ■. 
doses  inhibit  It  oompletely.  Small  dosm  have  no  apparent  Influence,  while  larger  doeoa  decitov  i 
qna.  After  larger  doses  there  Is  Increase  In  amount  of  urine.  Larger  doeee  dtmlnlA  the  bo<ir ; 
wallet.   laZanlmalawlth  lever  bemolcadd  reduced  thetemparBtaremDnthanaallcyUcacid.     I 

E.  Salkowski,     Zur  Wirkung  dee  benzogs&ureD  NatronB.     Virchow'H  Aichiv  ft.'  j 

patbologiscbe  Anatomie,  1877,  LXXVIII,  53. 

Author  coDdodes  that  sodium  benioate  causes  oonsidcrable  Increase  in  the  decompiHltlan  of  bo" 
proteins  sod  that  It  would  be  well  not  to  regard  theadmlnlsOatlon  cdlaz^  dosBS  of  benseat^  durla; 
Img  periods  as  haimJcn  medication.    He  Ibund  Inctease  of  nitrogen  and  aolidiur  exccetieo. 
A.   Hoffmann,     tiber  die  Hippurefturebildung  in  der  Niere.     Ardiiv  flit  eiper- 
mentelle  Patbologie  imd  Pharmacologie,  IS77,  VII,  239. 

Author  humd  blppuric  acid  In  his  mine  within  one-hall  hour  after  taking  bensdc  add  aM 
glycocoU;  neither  hippuria  odd  nor  beniolc  add  In  the  sweat.  He  reporta  tnnafuslon  eipe?- 
ments  wtth  excised  dog  Iddneys,  using  benuic  add,  etc.  Various  lltctors  Inhfblt  bipptiric  ».' 
synlhaals. 

F.  Walter.     Die  Wirkung  der  SlLuren  aiif  den  tierischen  OiganismuB.     Arehiv  (ir 

experimentelle  Patholagie  und  Phanoacolagie,  1877,  VII,  146. 
In  a  rabbit  V  grama  ofhlppoilo  add  per  kilogram  produced  no  pronounced  add  IntoikMlDn 
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meDtelle  Fathologie  und  Pharmacolt^e,  1877,  VI,  233. 

Cbs^c  docrlptloD  of  estimation  ofhippuric  ndd  md  pbce  otlti  tormstion  In  the  animal  bodf. 
In  dogs  hlppnrtc  add  li  Innned  In  the  kidneys,  which  lunaJited  ttnlr  power  to  traulomi  beniolo 
Bcid  into  hippurlc  acid  lor  haun  aftitr  eiclsion. 

Salkowski,    Vorgang  der  Hamstoffbilduug  im  TierkSrp«r.    Zeitechiift  fDr  phyeio- 
logiache  Chemie,  1877-1878,  I,  1. 

In  a  lahbi  t  fed  on  potatoes  nod  beiuolc  acid  there  mi  considerable  Incmae  in  nl  trogeD  excrellon; 
the  proportion  nf  nitrogen  to  sulphur  niniained  the  same  as  bcKm.  Tlie  tiaitoic  Bcid  qipeared 
moitl}-  as  hippuric  acid.  After  ihtioduction  of  hlppuric  adil  the  urine  of  rvbblts  reduced  cupric 
oxide.  The  nature  of  (he  redurlDg  substance  is  Dot  known.  Dogs  take  baiuidc  add  vlth  their  diet 
without  injury  at  iMBt  for  30  days.  Wban  on  ZconsecutlT*  days  between  Sand  7  A  grams  of  sodium 
1)eatoBteRereglven,adenitlteI[icreaM  la  nitraeeii  and  sulphur  eicietion  occuired,  I.  e..  IncreaaBd 
protaln  matalrallsm 

Lauder  Brunton.     Text  Book  on  Pharmacoli^y,  Thempeutics  and  Materia  Medica. 
London,  1878,  3d  edition,  78. 

Data  on  the  inhibitory  action  ol  benzoic  odd  aad  sodium  beaiootfl  upon  various  ensymes. 
G.   Brown.     Zut  Therapie  der  DiptheritiB.     Archiv  fflr  eip«rimentelle  Pathologic 
und  Phannacologie,  178,  VIII,  140. 
AG  per  cent  solution  of  sodium  benioat*  seems  to  destroy  diphtheria  bedlli  within  one  hour. 
Klebs.     Uber  einige  therapetitische  Gesichlspuncte  welche  durch  die   parasitiire 
Theorie  der  Infectionskrankheiten  geboten  erscheinen.     Pr^er  medizinieche 
WochcnEchrift,  1878,  III,  5,  16,  41,  54. 

Aulhoi  has  often  tried  5  grams  of  sodium  benioate  on  himself  and  others  without  any  disturbance 
of  digestion,  in  dogs  the  maximal  permissible  dose  of  sodium  bemoete  Cor  sitbculoiwaus  iDjectloa 
is  1  per  mllle  of  body  weight;  in  rabbits  I  per  mllle  of  body  weight  is  a  htal  dose. ' 
Klebs.  Tiber  einige  therapeutlBche  Geeicbtepimt:te  welche  durch  die  parasitare 
Fonn  der  Infeclionskrankheiten  geboten  erscheinen.  Prager  mediziaische 
Wochenschrift,  1878,  III,  No.  1,  2,  5,  6. 

Sodium  benzoale  seems  to  bemoreadranlageaustban  salicylic  odd  in  bacterial  Inlections,  since 

it  CRD  be  given  in  larger  doses  without  danger.    Snbculaneously  the  maximal  pennisslble  dose  is 

I  permliieofbody  wfllght;2perml[<eisabta1  dose.   The  largest  single  dose  to  be  used  is  t  grams. 

Kleus.     Natrium    benaoiciiin.      Correspondenzblatt    tdr    Schweizer   Aerzte,    1878, 

VIII,  313. 

Id  od  oral  communicstlon  to  the  editor  the  author  states  that  there  ale  abaolutaly  no  disBgreeabie 

effects  when  sodium  )HUiuiate  is  used  for  even  longer  periods  of  time.  Id  doses  up  to  ZS  grama  per 

day.    The  usual  dose  Is  10  to  15  grams  per  day:  the  maximal  dose  up  to  12  per  mllle  of  body  weight. 

salrowski.     Uber  den  EinfluBs  der  VoischlieBBiing  des  Darmkanals,  etc.    Vircbow's 

Archiv  tilr  patholi^ische  Aiuitomie,  1878,  I.XXIII,  421. 

Hippuric  add  is  found  :,i  the  urine  of  the  starving  (log  and  Is  not  Increased  after  Ugaling  the 
intestines.    In  rabbi'E  iilppurir  add  does  not  appear  In  the  urine  when  It  is  free  from  [*enoI. 

E.  Salkowski.    t'berdas  Vorkommen  von  AUantoin und  Hippure^ure imHtindeham. 

Berichle  der  deutscben  chemiacben  GeaellBchah,  1878,  XI,  500. 
A  dog  •m  eiduslvB  mml  diet  and  in  hunger  excretes  small  and  varying  amounts  of  bippuric  odd. 

Llgatiog  the  iDteatines  has  no  hifluence  on  the  hippuric  odd  enzetion. 
WiNTEB.     Zur  tberapeutischen  Verwendung  des  benzoeeikuren  Natrons.     (Abetract.) 

Si'bmidfBjahrbacherfurdiegeaammteMediziii,  1879,  CLXXXIV,  121. 
Report  of  views  ol  others, 
Naik  .nn.    Uber  die  thetapeutische  Verwendung  dee  benzogiaiiren  Natrone.    (Nach 

SchQller,  Klebs,  Letzericb,  Hoffmann.)    Schmidt's  Jahrbacber  fttr  die  f^e- 

sammte  Medizin,  1879,  CLXXXII,  125. 

Discussion  of  the  therspeutlt  dosage  of  sodium  bentoale,  especially  in  lebrih  processis.    Dofn 

canendureiEijectionsof  1.7  grams  per  kilogram  without  any  danger.   A  dog  of  A.5  kilograms  ^'hlch 

received  U  gi^ms  of  sodium  benzoale  injected  within  90  mlnules  showed  short  vagus  stimulation 

I       and  a  relalLi-ely  long  Increase  ot  arterial  pressure.    On  this  basis  a  man  of  SO  kilograms  could  wltb- 

ll-yeor^ld  girl  6  grams  per  day  kit  10  days  without  111  eaec:t. 
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Sknatob.  Cber  die  Wirkung  der  Benzo£efiure  bei  der  rfaeumatiacheu  Polyarthriiu 
Zeitschrift  fOr  klinische  Medisin,  1870,  I,  243. 

Tba  author  admlDlsCered  aodlina  bMuoaleln  doaea  o[  4  to  a  gnma  par  day  vlUiout  tlie  slIghUB 
111  ellact,  IbSD  lncraaaed  It  to  II  to  U  gmna.  In  acuta  TbctnnKtlim  w  macb  u  ID  gnnu  at  sodim 
b«DScet«  vera  glTBadurlngtba  couian  of  thiidlacABB,  usually  witbin  11  dajv,  wlthDat  U17  KfiaphiiiH 
dI  Inilatlaii,    Bodd  aftar  adminlitntloa  the  urine  acqulmd  ti-rvag  mlinADg  properttta. 

pRiTBCHB.    [In  A  discuasion  of  a  paper  on  inhaUtionx  of  sodium  beoioate  in  tubercu- 
lods  of  the  lungs.)    Berliner  IdiniKhe  Wochenschrift,  1879,  XVI,  762, 
UnlowBfd  eOects  reported  In  ttie  treatnwDt  d(  a  tubwmlar  patient  with  lotiilatloDi  ol  sodMn 

M.  SchOllba.  tJber  therapeutiHche  Venuche  bei  niit  tuberculflaen,  scrophuICaeii. 
Bepti»:hea  Maasen  inflcierten  Tieren.  Archiv  fOr  eEperimenteUe  FktholoRit 
und  Phannacologie,  1879,  XI,  84. 

Tba  author  itates  tbat  It  la  poealble  lor  an  adult  to  taka  30  to  30  gnmi  ol  aodlom  bmioM«  px 
day  InUnully  wltlunit  Injuilaaa  eflect. 

F.  Kkoceak.    VorlSufige  Mitteilung  Qber  Natronbenzoicum  Inhalationen  am  Knok- 

enbette.    Wiener  medizinische  Presee,  1879,  XX,  1178. 
Salomon,    tlber.dcn   Ort  der   Utppursiurebildung  beim    PHanxenfremer.     Zeii- 

scluift  fOr  physiologiscbe  Cbemie,  1879,  III,  365. 

In  nbbils  baniolc  add  at  baniolc  add  plus  gi jcaeoU  given  per  oa  leada  (o  the  fDniiallim  of  hip- 
purlc  add.  Id  harMvora  tba  klduayi  are  not  tlie  only  organa  wbare  thl)  Byntlmls  Ukea  plan, 
but  In  do^  the  idea  el  Bunfs  and  Sohmlsdeberi!  tbat  the  kidney  la  the  only  place  ot  the  synlheiu 
laitUlvslld.    (Baltowakl)    £,t '-£"»  *"  ^nu  !«•  £*-■ 

Von  ScHxSn^R.  €^ber  die  Bildung  der  HippunAure  im  Organixmus  des  SchaFi>. 
Z«itscluift  fOr  phyeiolc^iscbe  Cbemie,  1879,  III,  333. 

Author  took  O.S  gram  ot  beniolD  aold  In  KOH,  with  a  diet  oI  potatoes  and  bntlei.  The  sUonglf 
alkaline,  tuihid  uHnecoalaloed  no  trace  ol  benioic  acid.  In  ranu  ted  on  potatoes  and  baaiu  S  loi 
giama  ol  benioJc  add  given  per  09  as  potanlum  salt  reappeHrvd  In  urine  mostly  aa  hippuilc  add 
(77  to  SO  par  cent)  with  relatively  small  amounta  ol  free  benaole  add  (4  to  13  per  rant).  Onlf 
small  amounta  ol  Ihe  Intioduced  banaoala  were  imaccounled  lOr.    (et.  Welike.) 

R.  DswwE.  Sechszehnter  mediz,  Bericht  flber  die  Thfitigkeit  dee  Jeanerachra 
Kinderhoepitala  in  Bem  im  lAufe  dee  Jabrea  1878.  Scbmidt'a  JahrbQchH 
for  die  gesammte  Medisin,  1879,  CLXXXIII,  218. 

Diphtheria  Is  traated  with  5  to  10  gnms  of  sodium  hentoate  per  day,  besidea  loisl  trealmaDi 

with  ft  and  subcutonaous  Injections  of  a  50  percent  aolutlon  In  retro  and  aubmaxlllary  region  and 

In  Ihe  tonslla.    Than  waa  no  drep  of  tempnstun;  the  hmrt  action  was  Impnyed  and  iiriw 

aecntlon  Inoreaaed. 
Stadsucank.     tlber  die  Umwandlimg  der  (^inaaaui^in  UippurB&ure  im  Organ- 

iamua  del  SSugetiere.     Archiv  fOr  experimentellc   f^tbologie   und   nuurni- 

cologie,  1879,  X,  317. 
The  aodlum  salt  of  quinio  add  produces  an  Increase  In  hippuric  add  In  herbivotoua  anhnib 

(rabbita),  hut  node  In  aanilroniUB  anlmala  (dois).    The  output  doea  not  account  for  the  amounl 

of  qoinic  add  Introduoed,  and  q>pean  »Ha  a  relatively  long  time. 
BoKiTANeKr.    Zur  Bebandlung  der  Phthise  mittebtt  Inhalatiunen  von  Natrium 

benzoicum.    Wiener  medizinische  PresBe,  1879,  XX,  1330. 

InhalaUona  of  sodium  bauoaU  are  reported  t«  be  ot  great  value  in  phlhlsla.  A  patlvl  of » 
kllofiams  must  use  at  least  H>  grama  In  G  par  cent  solution  per  day.  the  doee  bdttg  detsn  Innllil 
tbe  body  weight.  Fatlent  must  Inhale  1  gram  per  kilogram.  It  1>  assiuned  to  i««h  the  '•W  ^ 
suIBdlnt  «oDcantrBtlou  to  act  bBOterlcldally. 

W.  KocHB.  X)l>er  eine  Methode  zur  Betitimmung  der  Topopaphie  des  C'hemiHDi''' 
im  tieriechen  K£trper.  PflOger'e  Archiv  fOr  die  gesamnUe  Phymologie,  18'^' 
XX,  M. 

Conflrmation  of  the  Bonga^chmledeberg  eiperlmeota  on  hlppuric  add-rorm«!an 
fusion  of  dog  kidney  with  blood  plus  glycoooU  plua  benttric  add.    Tbe  syuthesla  also  takes  pi 
Id  Iba  presence  ofcommlniiud  Itldney  ol  dog.  01.  and  oalL    K](pviments  with  liver  (dog,  r^ 
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von  mppuiBHure,      An;aiv  lur  ttxpeniiujuuiiiiii  i^uuuiugie  uuu  rwuTDHCOiagie, 
1879,  X,  208. 

The  urin  at  a  hMlthf  ludlTidual  ami  ooutaliied  frae  baniolc  acid  allar  kdmlDlatnUoo  of  OA, 
OS,  I,  knd  2  gnuu  of  beanio  add  within  S  days.  la  a  patient  vICli  baalthy  kidneya  and  llTer, 
■ner  RJilng  l.S  gnxaa  bautdo  add,  W  par  oant  wn  nmivanid  Id  the  Ibnn  of  hipptulo  acid,  0,M 
gram, and  Irot  bezuolo  viid,OM  fttan.  InchruilD  bamocrhaglc  pleutisy  with  itasis,  33  percent 
at  I.Zgranu  of  tieniolD  acid  glTen  waieicratad  aa  hlppurfc  add.  There  was  no  free  beniolcacid 
present.  In  thtee  caan  of  Inlentiaal  nephrttli  the  Intrnducad  benulo  acid  (maiimum  doae  t.5 
gntma)  aearly  alvayi  reappouvd  eioluslviily  as  hlppmla  odd.  Id  twoceaei  of  amflold  degenera- 
tion ot  the  Udiier  the  IntmlDCad  beuaole  add  ^ipaaied,  vlth  sicepthai  of  one  da;,  only  ai  Irve 
bnuolc  add.  In  pafaocbymatooi  nephritis  lotniduoed  beniolc  acid  was  eicreted  dtbv  only  as 
Iraa  beoiolo  acid  or  In  marked  ptopondefsnce  as  tree  bemolo  acid;  lunallr  SO  to  GO  per  cent  of  the 
Introduced  beoiola  acid  reqipeaied.  Authon  conclude  that  beniolc  add  not  lound  In  urtoe  Is 
not  absnrlied.  Attar  Inboductlon  of  banidc  add  then  la  no  Increase  of  ethareel  sulphates  In  the 
lUine.  Authors  conclQda  that  In  man  thaoapadtr  toeiorete  beniolc  add  ashlppiiric  add  Is  dimin- 
ished or  enUndr  gone  In  aflectlonsot  the  kidneys,  Uiegraatest  tchlMtloii  iKtag  noted  In  penncbyoi- 
atous  neplultii.  Ttta  rabbit  can  rorm  hlppurlo  acid  Id  the  amall  iDtastlDe  and  liver  as  well  as 
In  the  kidne;. 
Wkihke.  tjber  Hippunatirebildung  im  ti«ruchen  OigBnismuB.  Zeitachrift  for 
Biologie,  1879,  XV,  618. 

Author  repeats  exparhneol*  of  teadliiE  beaiolG  acid  to  a  ram  on  a  diet  of  beam  and  potatoK. 
Like  Von  SchtMer,  he  now  Onda  only  hlppurlo  add  In  the  urine,  and  no  beniolc  add. 

Winter.  Ztir  thenpeutischen  Verwendung  der  B«nzo§siiure  und  dee  beneoeaaiiren 
Natrons.  (AbstrKt.)  Schmidt's  JahrbOcher  fQr  die  gee&mmte  Medizin,  1SS0, 
CLXXXVI,  121. 

Autbor  reports  lUIure  to  obeerra  III  effects  (diarrhea)  after  iba  thetapeutlo  use  of  benioates. 
They  are  stronglj'  diuretic. 

It.  KoBnaT.  (Nach  eigenen  im  Verein  mit  Dr.  Schulte  uiuigefllhrteii  Unterauch- 
ungen.)  Zur  Kenntnis  der  Wirkung  der  BenzoMltiTe.  Schmidt'e  Jahrbtlcher 
ror  die  geaammte  Medizin,  1880,  CLXXXV,  12. 

After  Inti^TaDDiB  IntredueUon  ot  Kidium  or  magnnlum  benaoote  In  dogs,  beoidc  add  appears 
Intheaallvo.  Ttufedudncsubatanoeloand  In  the  urine  afUradmlrtlstraUva  of  banielcadd  occur* 
onlyddlnltelr  atli^glThigeitiaordliiBrllr  highdoaes,  and  occaslonallr  In  pcnoDS  who  do  mt  (nt 
benidoadd.  Salkowakl  thtdbUiiils  probablydue  lo  Ihebenadoadd  contsitoftheliMd.  The 
pnssoceof  this  substance  is  regardedaa^enntslgn  of  Intoilcatloii.  Itoccursoaly  In  the  urine  and 
narer  In  saliva.  Inanlnialeiperliiientslt'wasfoundaftaisiibcutaneousand  per  o*  administration 
of  benidoadd  and  It)  salts,  but  never  attar  IntTavanous  in]ecUon,  In  man  tba  reducing  lutataoce 
did  not  oMOrlu  the  urine  alter  subcutaneoua  Injection  of  fia.  col  a  go  per  oentaolutlon;  It  aeenu  to 
balbandiMilf  aftaadmlnlsttaUonotbeoidcacld  per  as.  In  cdd-blooded  erdmals  (Ire^)  thetree 
addandltssaltsproducaChetoxlcaffectilntliesanteinanim.  Thoeere:  Claulcspeanuotmusclsi: 
exceptionally  telanss;  gradually  vomiting,  aometlnws  bloody,  even  after  subcutaneooi  Injection, 
lespintlou  fmquant,  pobenot  quich^Md  nor  retarded,  except  toward  eiltus.  ReQaieidtabUllr 
wis  decreeaad  Co  comidete  loss.  RespirBtlon  stopped  when  raOei  eidtabltlty  was  diminished  Co 
a  very  high  degree,  but  by  carelul  dosage  mUtutlon  was  still  poailble.  The  paralysis  ot  the  reflex 
exdtabllltr  Is  the  seiDe after severinc  tlie  brain,  therefore  paralyaU  of  reflex  excitability  of  the  cord. 
In  warm-blooded  animals  (rabbits,  cats,  dogs)  toxic  doeas  per  oa,  aubcutaneously  or  Intravaooosly. 
produced  trembling  and  convulsions  at  ttnws,  more  often  diminution  of  peychlo  functlonsi  flnl 
atactic  movemenla  of  the  anterior  eitiemltln,  paretla,  then  paralysis  gradually  |iiii|iiiBlin.  back- 
ward, together  with  a  drop  In  temper^ure.  In  dogs  there  Is  usually  vomiting,  rarely  diarrhea. 
HemoTThsges  and  eradons  of  the  stomach  mucosa  occurred  even  altar  subculartemo  or  Intravenous 
Injections.  Death  was  due  to  paralysis  of  respiration.  There  seems  to  be  a  complete  peralysis  ot 
brain  and  cord.  Bsniolc  add,  le  well  as  Itisalti,  when  given  In  dceeseinading  2  percent  (3  per 
mllla?,  sea  WleDer)  ol  body  weight  causae  In  all  animals  InloilcBtloD  followed  by  death.  Pnt- 
mortem,  the  mucoaa  of  the  stomach  may  be  found  hyparemlc,  hemorriiBglc.  even  necrotici  thcte- 
fore  larsB  doeea  which  can  only  be  given  per  os  in  man  should  be  cautiously  admlulilerwl  toavdd 
efodais.  The  appeaiauoe  of  leduclng  substance  In  the  urine  Is  a  valuable  sign  ot  IntoiIoaUon. 
71isr^ieutleaIIy,Qieaulliorgan5t010graiiuofaodlumbeniaateperdBy.  eevtre  toxic  symptoms 
were  avoided:  but  frequently  very  Intense  nausea  and  vomiting,  sometimes  with  a  little  blood. 
were  observed.  In  one  case  there  were  severe  toxic  symptoms,  due  to  bleeding  In  the  stomach. 
Abnonnalitin  of  pulse  and  Mood  and  naplration  were  never  s««n.  Larger  dosea.  like  10  grams 
nMinloftheslomachsymptonu.    Reducing  substance  In  the 
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Wbtl  Uk4  Anrbp.    t)ber  die  AuaecheiduDg  der  Hippuisftuie  und   Beitzofie3iir« 
wibrend  dee  Fiebere.     Zeitschrift  fOr  phytdologische  Chemie,  )S80,  IV,  169. 

Id  patitota  brppurio  add  Bod  bn  bmuolD  kdd  wtn  founil.  itabUB  fed  with  milk  ud  oats 
alwmyi  eicrele  hJppuilc  mdd  uid  wmt  b«iuolc  add.  DuilDC  fero  the  eicntian  of  tree  bouac 
■eld  la  IncnsMd  and  Uiat  a[  combined  beoiolc  adil  la  decroued.  The  uciMlon  at  Ins  baaac 
add  could  not  be  altered  by  InlroducQoii  of  glfcoooU,  (uggcstliig  tlut  a  ratibJC  with  rsTer  has  partly 
lost  It]  opacity  to  synthetlia  hlppuiic  acid.  In  dogi  during  lever  tbtro  is  less  hlpputle  add  than 
before,  but  no  Increase  of  beoiolc  acid.  When  wdlum  beniosta  U  fed  to  dogs  In  fern  a  murli 
larger  part  at  the  bouolc  acid  reappears  ea  free  baniolc  add  than  In  0010181  candltlmi. 

E.  Salkowbki.     Notizen.     Zeitschrift  fflr  physiologische  Chemie,  1880,  IV,  135. 

Author  suggeata  that  tb>  radudnf  aubatance  Cound  Id  the  utIdtb  oftra  Inpatlon  of  bsnioic  aod 
ma;  be  a  glucosldfr-llke  compotmd, 

ScBuiEDEBKRO.    Hhet  OxydatioDeo  und  Syntheeen  iro  TierkOrper.    Archiv  fOr 
esperimeutelle  Pathologie  und  PhAmucolt^e,  18S1,  XIV,  2S8. 

Beniolc  acid  may  be  Conned  from  beniylalcohol  and  dog'i  blood,  and  In  trauxfoilou  tfaraa^ 
eidwd  k5dne;9.    In  the  organlani  tdiune  Li  Iransformed  to  baniolc  add  and  hlppurle  add. 

ScHMiBDBBKRQ.    Ober    SpaltutigeD    und    Syntheeen   im  TierkOrper.    Archiv    fOr 
experimentelle  Fatholt^e  und  Pharmacol  ogie,  1881,  XIV,  379. 

Author  oondadea  that  hlppurle  add  lormat  Ion  probably  occaia  In  mtnt  or  all  orgam  of  tbs  Indy. 

A  hlstcEym  capable  of  dccompoaing  It  also  exists. 
C,  VrRCHOW.     (tber  die  Einwirkung  dee  benzi>£slLuren  und  BaJicyladuren  Natrons 

auf  den  EiweieetimB&tz  im  KOrp«r.     Zeitachrift  fOr  phyeiologiiBche  Chemie, 

1882,  VI,  78. 
Five  to  7  grams  oF  benzoic  acid  admlnlstired  to  dogs  olZl  and  W  kilograms  on  suosbiItb  days 

produced  IncieaaeafnltRigeneiiaetlon;  and  when  sodlmn  benioate  was  given  to  a  dog  In  a  normal 

state  of  antrltlon,  comlderabla  Increase  ol  protein  decomposlUon  <2S  to  «  per  cent)  was  obaervad. 
SALEOwfiKi.    Weitere  BeitrSge  eur    KenDtnis    der    HamstofFbildung.    Zeitschrift 

fllr  physiologiBche  Chemie,  1882-1883,  VII,  93. 

In  man,  dog,  and  rabbit  amldcvbensote  add  Is  partly  transKirmed  to  nramldo-bflnsolo  add,  tbfi 

rest  exaeted  parUy  undianged,  partly  as  amldo-hlpporla  add.    Llkebaoioto  add,  amldo-benxolc 

add  causes  lootase  of  ptDleln  mstabollsm,  but  to  a  smaller  extent. 
J.  SCHurPEB.     Weitere  Beitifige  zum  Verhalten.  dee  SarkodnH  im  tieriachen  Organie- 

mufi.     Zeitschrift  fOr  physiolt^iache  Chemie,  1882-1883,  VII,  479. 
In  animal  expcdments  feeding  <rf  sarkosin  and  bensolc  add  Taoltad  only  In  normal  bii^HjllesicSd 

formation,  not  an  Bxcretlon  ol  sarkodn  hlppuiic  add. 
E.  Salkowbki  and  H.  Salkowski,     tjber  das  Verhalten  der  aus  dem  Eiweies  durch 

Faulniae  entateheiiden  aromatischen  Sauren  im  TierkOrper,     Zeitschilft  fOr 

phyeiologische  Chemie,  1882-1883,  VII,  Ifll. 

An  iDciBBsed  output  of  hlppurle  add  was  found  In  ttie  uiIds  of  a  dag  »ft«  Eeeding  I  grams  of 
phenylpropianlc  add. 
E.  Bauiiann.    Zur  Kenntnisder  aromntischen  Subatanzen  dee  TierkSrpers.    Z«it- 
Bchrift  fOr  physiologische  Chemie,  I8S3,  VII,  553. 

Tymlnled  (oman  and  dogs  In  large  omounta  never  caused  an  Idosuo  of  blppnrlc  add  output. 
ScHOTTBN.     titer  die  Quelle  der  IlippiirB&ure  im  Ham.     Zeitachrift  tOr  physiolo- 
giBche Chemie,  1883,  VIII,  60. 

Feeding  eiperlmenCs  on  dogs  with  phanalsmldopropionle  acid,  kadlDg  to  the  esaetlan  of  hlp- 
purle odd. 
Kronecker.     tJber    die    Hippurs^urebildung    beim    Menschen    in    Eisokhedteii. 
Archiv  fiir  expterimentelle  Patholi^e  und  Pharmacologie,  1S83,  XVI,  344. 

Author  maintains  that  a  normal  Individual  does  not  exoiete  any  free  tieniolc  add  after  Its  In  tro- 
docUon.  After  feeding  O.e  gram  al  sodium  bensoale  to  S  nephritic  patients,  the  obaervations  of 
Jaanveld  and  8tokvl3  were  confirmed  in  aSecUans  of  tbe  kidneys.  There  is  a  decteaged  capadty 
to  transform  benzoic  acid  to  hlppurle  acid.  In  2  oases  of  typhoid  fever,  with  high  tampeiKture. 
nearl;allef  thelDlnduced  benioicadd  was  excieled  as  hlppurle  add. 

Minkowski.    tJber  Spaltungen  im  TierkOrper.    Archiv  fUr  experimentelle  Patho- 
logie  und  Pharmacologie,  1883,  XVII,  445. 

In  nephrectomlfed  dogs  tbe  author  found  free  bensolc  add  In  the  blood,  llver,andmuadas  after 
aubcQlaneous  Injection  of  hlppurle  odd  under  tbe  necessary  precautions.  In  rabbits  tbe  results 
were  negative.  This  shows  that  different  chemical  processes  go  on  In  diOerent  chemical  species. 
The  decomposition  of  hlppurle  add  is  atoompllsbed  thmugb  lerment  action. 
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Van  db  Vrldb  and  Stokvib.  Eiperimentelle  Beitrige  zur  FTage  der  HippursJiure- 
Ecrlefifung  im  lebenden  OcgftniBinufl.  Arcbiv  fOr  experimentelle  Pikthologie 
und  Pharmacolt^e,  1S83,  XVII,  189. 

Autlion  cooclode  Uiat  tbeeilstancealalmnienKn  the  Uvliig  orgaiilsm  leadliiK  to  a  duconiiiasl- 
Uon  o[  hlpporlc  acid  inio  beoiolc  actd  and  gl;coc»U  hu  nol  jet  been  sulUclentJy  proved.  Tbe 
i»QtnKIJct«y  nautts  of  otbeia  can  b«  eiplained  Irom  tbe  «»  with  whlcb  hlppmla  sold  Is  deomi- 
pceed  autfllda  of  the  body  in  ardrrul  fluids,  rHpeclally  at  olkalhie  reaction,  and  If  they  ooDtaiii  much 
albumen, 

B.  Salkqwbki.     fiber  das  Vorkommen  der  PhenftceturBaure  im  Ham  imd  die  Entata- 

hung  der  aromatischeii  Subetanzen  beim  Herbivoreii.     Zeitechrift  fOr  phyaiolo- 
gische  Chemie,  1885,  IX,  229. 

In  the  horse  hlpporic  add  may  be  lormed  bom  hydrodnntinJi:  odd,  a  product  ol  protein  putro- 
tactioa  kn  tbe  inlcatiiial  tracl. 
E.  Saiaowsu.     Zur  EenntiiiB  der  Eiweii^uluiB  III.     tlber  die  Bildung  d«r  nicht 
hydroxylterteu  aromatiechen  S&uren.     ZeitachriCt  fOr  phyaioic^iHche  Chemie, 
1885,  IX,  491. 

HomoloKun  of  benioic  add  {hydrodnnamlc  add  and  phenylacetic  add)  aie  a  oonstant  product 
of  protein  putiefactlon. 
NotL  Paton.     On  the  relationahip  ot  urea  formation  to  bile  aecretion.    Journal  of 
Anatomy  and  Phyaiolcgy.  1886,  XX,  114.  267. 

DaaeaofO.tl  audO.&S  gnm  of  sadlam  bentoate  per  kikerom  Id  dogs  have  pncacaily  no  Influ- 
ence on  Uie  amount  of  WBtereravted.  The  urtcacideicretlonli  diminished,  that  ofnrealacnaaed. 
The  author  ineanls  sodium  bBUoale  as  ao  hepatlo  atimulanC. 

E.  Badvann.  Die  aromatischen  Verbindungen  im  Hame  und  die  Dannfllulnias. 
Zeitechrift  fOr  phyaiologiache  Chemie,  1886,  X,  123. 

Author  concludes  that  theeicretloDOIhlppurte  acid  to  carnivorous  animals  (doe)  la  exolualveir 
dependent  cm  patrelutive  pioocssBs  In  the  Intfstlncs. 

Baab.  tjber  das  Verhalten  des  Tyrodns  zur  Hippurs&urebildung.  Zeitschrift  ffir 
phymologiBche  Chemie,  1887,  II,  485. 

The  auCliar  found  no  increase  of  hippurto  add  elbntnaUon  after  feeding  tyroiln  to  rosru 

M ,  KuMAOAWA.  tJber  die  V^kui^  einiger  antipyretiecfaer  Mittel  auf  den  Eiweies- 
umaatz  im  OrganiBmus.  Virchow'e  Archiv  fiir  patbologiache  Anatomie,  1888, 
CXIII,  194. 

Uetabotlsm  experiments  on  dogt.  An'anlmal  weighing  15  Idli^iams  and  In  nitrogen  equUlbiium 
noalvedsodJambaDEOBle  dissolved  in  warm  water  with  the  fOod  » loUows;  First  3  days— 3  grains; 
loUawtng  S  days— 5  grams;  in  II  days— 41.54  grams  of  pure  benzoic  add  were  given  without  111 
eOeds.  There  was  an  increase  of  Dltn^eo  eicrellon  in  the  urine.  In  the  last  days  the  Indlcau 
reaction  was  weaker.  Forty  per  cent  of  the  beniolc  sold  of  the  whole  period  nas  excreted  u  hlp- 
poric add;  ((.per  cent  as  benzoic  acid. 

A  dog  welding  30  kHograms  and  In  nitrogen  equilibrium  received  24  grams  of  benzolo  acid  mliad 
in  food,  within  S  days;  Increased  protein  decompceitiou  was  observed.  During  the  last  daysand 
in  the  after  period  the  Indlcan  reaction  was  diatinclly  diminished,  but  never  completely  missed. 
Tbe  ethereal  sulphates  were  also  diminished  about  20  per  cent.  Tbe  number  ol  bacteria  In  the 
teces  hod  decreased.  The  author  ooodudee  that  Iwnioic  acid  manifests  antiseptic  properties  in 
the  Inlestlne. 
HoBKNBB.  Eine  Veigiftung  durch  Natrium  beuzoicum.  Central  blatt  fflr  die 
medizinische  WiBsenachaften,  1SS8,  XXVI,  545. 

Ilote  than  lOO grama  o'»dimn  baoiaate  uid  >  little  Qapbtbaliahwl  )ieeii  introduced  Into  a  der- 
moid cyst  of  tbe  ovary.  About  30  houta  later  the  signs  of  inloilcatlon  arose  and  the  oyst  was 
washed  out.  The  urine oontaloed  a  considerable  amount  of  hippurlo  acid  (LB  grams  per  unc.  c.) 
and  ^ve  no  reduction  (est  and  no  albmnen.  No  tree  beniolc  actd  was  found.  In  urine  voided  1 
days  later  no  hlppuric  acid  was  fOood. 

K.  CoHN.  Ober  das  Auftroten  von  Benzamid,  etc.  Zeitechiift  f Or  physiolc^ische 
Chemie,  1890,  XIV,  202. 

In  dogs  fed  on  amiiianlum  benioate  by  far  the  greeler  part  is  excreted  as  hlppurlo  add,  with  very 
little  bemamid. 

C.  Bi.vz.     Vorletniugen  &her  Pharmakologie,  zweite  AuSage,  1891,     Berlin,  Hiisch- 

wald.     p.  594, 

A  discussion  nl  the  basis  fur  benzoic  add  therapy.  Disadvantages:  e  to  B  grams  of  beimA:  Kid 
or  wdluiD  beozoalc  cause  Irrltsthm  of  the  stomach  aod  loUetlDe.  ^  . 
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ft.  CoHN.     Cber  da«  AuftreUa,  etc.     Zeitechrift  filr  physiolagische  Chemie,  Iff92. 
XVII,  310. 

Id  rabbits  Hid  dog)  bciualdehjrde  caund  Um  ippeaniice  at  Irx  txaiok  acfal  and  hlppurlc  Bri : 
and  perhaps  B  tnn  at  dnoamlOKld  tnUiB  urine.  CUmamlc  add  t>  moMlj  tnuisl(ini»d  to  hlp- 
pnrtc  add. 

VoGL.    Realencyclopblie    dec    geeamiuten    Beilkunde    (Eulenbuig).    3    Aullafcr 
Leipzig,  ISM,  III,  229. 

AatbOT  reports  tbal  SchnlbM  took  l£  gnma  of  buuoic  add  In  divided  doses  In  2  days.  TV 
only  irmptmrts  experienced  irere  tlcUloc  In  tbe  Umat,  leellng  of  watinth  In  (he  abdamm.  and 
later  la  Ihe  wbote  bodf,  and  Incnaied  frequenc;  ol  pulse.  Next  dn;  abuiHlanC  pasplratk>- 
art  In,  Increased  eiplrallon  vlth  dallness  In  the  head,  and  lUght  IranslUiiy  dlgest[vE  dlsturbaiirp>. 
Author  reconunends  O.OS  lo  O.G  gram  per  dose  as  expectorant;  fur  rheumatism,  (L5  to  I  gTBci 
evnj  hour  or  evfty  3  hours  (10  to  11  grams  per  day).  Doses  up  to  2S  grams  of  sodfum  bcnmaii. 
per  day  are  recommendsd  lot  various  eondltloiis. 

\'oN  Jaksch.     IHe  VergiftUQgeo.     Spacielle  Pstholoftie  und  Therapio  {Nothnagel  ■, 
Vienna,  1897,  I,  357. 

Author  rmnarks  Uiat  perhaps  betuolc  add  and  Its  sails  are  the  laal  hijurtaus  of  the  vhole  bto- 
nullc  series  for  the  human  organism;  he  repeatedly  gave  In  Theumstiim  as  hi^  as  M  grams  i>: 
sodium  bcDxoate  per  doee  without  obflfrvLiig  toxle  ^ect.  Cases  are  known  where  up  to  60  gT&Trt» 
per  day  were  given.  Tbe  tree  bensolo  add  will  art  loiU'  sbnply  ai  acid. 
HrBBCi.  Cber  die  Ausecheidting  der  Hipputsaure.  Maly's  JahreHbericht  fOr  Thior- 
chemie,  18B7,  XXVII,  325. 

F:ven  on  a  unLlorm  diet  tbe  dally  hlppurlc  acid  excretion  in  llie  same  Individual  vadcs  wtdHi . 
Hlppuiic  add  i^ven  hilemally  Is  oomplstely  excreted  as  such.    Even  with  h[gb  doses  of  benmic 
sdd  It  was  not  posslUe  to  eiCMd  the  rapadly  of  the  organism  lo  transform  all  the  bmnfc  arid 
to  hlppurlc  add. 
Smeci.     Sulla 'eliminazione  dell'  acido  hippuricft.     Gazetta  degli  Eepedali  e  delle 
cliniche,  1896,  XVIt,  496. 
Dosai  of  beniolc  add  ranging  !rom  1  to  IS  grams  per  dgy  are  given  without  noting  111  effects. 
Wehmer,     Einige  vergleichende   Versuche   fiber  das   antiaeptiache  Verbalten  dor 
Benzo£siiure,  etc.     Cheraiker  ZeitUDg,  1S97,  XXI,  73;  Chemisches reotralblatl . 
1897,  I,  548. 
In  conoenCratlon  o[  0.1  per  cent  benioic  acid  inhibited  the  growth  ol  ysasL 
Pfeifpkr  and  Eber  (in  Verbindungen  mit  GStzb  und  MUller).     Beitntg  zur  Fia^p 
^       Qber  die  Bildung  der  Hippun&ure  im  tierischen  OrganiBmue.     Die  Landwin- 
Bchaftliche  Vereuchfltationen,  1898,  XLIX,  97-144. 

Proleto  decomposltloQ  can  not  be  the  only  source  ol  the  nltiageo-ftM  oompODBOt  of  hlppurir 
BcM,  BCGordlDg  to  experiments  on  (he  horae. 
J.  PoRL.     Ober  Syntheeenhemmung  durch   Diamine.     Archiv  fOr  experimen telle 
Pathologie  und  Phannacologie,  1898,  XLI,  ST. 

By  leedlng  etbylendlamln  to  rabbits,  hlppurlc  add  STnthtsls.  after  Introductloa  ol  bensolc  arid. 
can  be  markedly  Inhibited  without  any  disturbance  of  absorpUon  or  excretion  of  the  bensolc  add. 

WiBKER.    t)ber  das  Glykokoll  als  Intennediilrefl  StoSwechaelproduct.    Archiv  f(ir 
experimentelle  Pathologie  und  Phannacologie,  1898,  XL,  313, 

In  rabbits  led  with  sodium  benioats  it  takca  4  days  until  all  of  the  bemok:  add  reappears  In  the 
urine,  liee  or  combined.  Bouolc  add  In  doses  of  l.T  grams  per  kOogrsm  Is  btsi  to  rabbits.  The 
values  lor  tbe  combined  beniolc  scld  output  are  very  constant,  lbs  maxlmnm  being  reacbed 
with  I  gram  of  the  add  per  kilogram.  Wben  small  amounts  of  twnsolc  add  an  glvoi,  all  of  II 
reappears  In  the  urine;  with  the  large  doace  a  oonstsnt  loss  occurs.  Feeding  ol  beoiolc  add  don 
not  decrease  the  urea  output.  There  Is  Increase  of  protein  deoomposltlaa,  so  that  tbe  total  nitro- 
gen and  urea  outputs  are  Increased.  When  glycoooll  Is  Injected  subcutaneously  and  bMuoIr 
sdd  Is  given  per  OS  In  a  fatal  dose,  the  animal  survIvM.  Other  amido  adds  detoxlfled  briuoic 
■eld  dmilarly.  Tbe  author  aatumcB  that  they  are  transformed  to  glycocoll. 
KuKKBL.    Handbuch  der  Toxikologie.    Jena,  G.  Fischer,  1898,  p.  550. 

(1)  The  Irea  beniolc  add.  soluble  In  about  400  parts  of  water,  wbee  applied  hi  powder. tmn, 
has  a  strongly  imtsthig  action  on  nwcous  membianfa,  leading  to  stmog  tocal  iDflamnatlnns. 
Even  with  not  very  high  doan,  hamorrbages  In  the  mucous  membranes  have  bcm  seeo- 

(3)  Sodium  bensOBle  appears  to  be  very  little  (oilc.  In  Its  application  In  cases  ol  tuberrukwls. 
doses  up  to  EO  grams  pro  die  wme  given  to  single  Individuals  without  ill  eflect,  but  not  wttfaoiii 
Bctloa.  ExctaslTs  doses  cause  nausea,  vomiting,  ilullnm,  humming  ol  ears,  and  dUIIeulty  In 
beattng.   These  symptoms  disappeai  when  tbe  medlcatl<«i  is  slopped. 
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logiBCbe  Ubemie,  1899,  XXVlll,  174. 

Author  obtained  do  srntheda  ol  hlppurk:  *cld  from  beniolc  add  sod  glrcocoll  wltu  tismiv  pros 
]ulc«,  Md  thinks  thai  surrlvInK  cella  ue  necfswr. 

H.  LsFniANN.    D^ieetive  ferments,  with  especial  reference  to  the  effect  oE  food 
preeervativee.    Journal  of  the  Franklin  Institute,  1899,  CXLVII,  97. 

BeniMc  arid  and  lOdliiiii  lieDa»tr  are  pracllcall;  wltlunit  Influence  on  the  digestive  pover  or 
the  eaxjmi*  iludled  (dlastawe.  carase,  pancreatic  ettracta),  excepting  higher  cODcentrsthnu. 
The  author  adds  that  as  the  pnaervallTo  Influence  of  widluni  benioaM  Is  undoubted  and  Its  dls- 
agreeftblo  tut«  In  an^  food  article  will  prevent  (Is  liberal  use  It  seems  well  adapted  Cor  RenemI 

KAUtoWBKI.  Uber  die  antiseptiBchc  Wirkung  von  Salicylaldehyd  und  Benzoiiisilii- 
reanhydrid.  Virchow'a  ArchivfUrpathologische  AnAtomie,  1899,  CLVII,  416. 
Id  coDcentralion  ol  OA  per  cant  beniolc  aeld  anhjrdrjd  kept  chopped  mntt  mixture  sterile  more 
than  S  months;  slmllariy  0.%  per  ivnt.  With  0.1  par  cent  a  lew  ooloDlee  were  grown  alter  this 
time,  while  with  a.02G  percent  the  nilxlureshDwedrulturcs  after  SdBfs. 

AaHHUKST.     Certain  effects  of  benzoic  acid  upon  the  mine.     Philadelphia  Medical 
Journal,  Feb.  24,  1900. 

In  dOE3  1  to  2  grama  ol  sodium  benioate  administered  subcutaneoudy  lor  nveral  days  produced 
slight  and  Inconstant  diuretic  edfct,  K  dog  received  1  gram  ol  aodium  benioate  dally  during  S 
months.  No  III  efTects  are  meatioaed.  The  author  took  6  ffrems  ol  aodlum  lienioata  dally  during 
edaya  The  quanllly  of  urine  was  somewhat  Inrreased.  the  speclflc  gravity  slightly  allered.  the 
acidity  slightly  diminished. 

Blumbnthal.     Zur   Methode   der   HippuisaurebeHtimmunK.     Zeilschrift   Etir   kliii. 
iache  Medizin,  IMO,  XL.  339.  * 

U.  Lewandowsky.     Versuche  ilber  den  Einfluss  der  Benzoeeaure  auf  die  Ilam- 
.BSurebildiing.    Zeitechrift  fUr  klinische  Medizin,  1900,  XL,  202. 

A  patient  received  36  grams  of  sodium  beotoate  In  Sdaysi  15.Egrsms  were  excreted  oshlppuric 
add.  There  was  no  decrease  of  uric  acid.  This  Indlcatts  that  the  brmatkiD  ofblppurtc  and  urii' 
acids  are  Independent  of  fach  other.  Three  patients  were  fed  with  sodium  bensoate  for  2  to  7 
days,  and  doses  between  i  aiul  9  grams  per  day.  In  two  casee  a  iierullBr  sl«F|>-produclng  acllon 
of  benzoic  acid  was  noted. 

AsKLOua  and  RiBAtrr.    Sur  t'existence  d'un  ferment  soluble  operant  la  nynth^se  dc 
racidehippuriqueauid^pens  duglycocolle  et  del'acidebenzoique.     Comptes 
RenduB  de  la  Soci6t^  de  Biologic,  June  9,  1900. 
The  blppurlc  acid  lyuthesLi  by  kidney  tissue  Is  due  l«  an  ensyme  action. 

Wbintraud.    tiber  den  Abbau  des  Nucleins  im  Stoffwechsel.    Centralblatt  fUr 
innere  Medizin,  IMO,  XXI,  464. 

An  occasional  Increase  <A  hippuric  add  excretion  after  thymus  lM<dlng  is  due  U)  Increased  IM«- 
Unal  pntrebctlon  which  fuml^ies  the  beoiolc  add  radlral. 
Parkib  and  Lusk,     On  the  maximum  production  of    hippuric  acid   in  rabbits. 
American  JohtdbI  of  Phycioli^y,  19O0,  III,  472. 

Id  fasting  rabbits  (oiic  symptums  and  death  resulted  when  1  to  a. 4  gram  of  benzoic  acid  as  lithium 
salt  was  glvan  (or  G  days.  In  fasting  rabbits  frequimtly  fed  with  Uthluni  benwiare  the  amount  ol 
glrcocoU  edmlnalrd  as  hlppuile  add  compand  with  the  total  nitrogen  output  Indicates  that  In 
melabatlam  the  protein  molecule  may  yield  glycocotl  to  the  eit«it  ol  at  least  3  to  4  per  cent. 

E,   CuETiB.    Benzoic  acid   and    Benzoales.     Reference   Ilandbook   of   the   Medical 
Sciences,  1900,  Vol.  I. 

In  discussing  dosage  the  author  stales  that  a  serious  derangement  Is  scarcely  pcaslble  by  any 
Ukely  doses  of  bCD»lc  add,  Intrndonal  or  acddental.  In  urinary  disorders  beniolc  add  may  b-' 
glvenseverslllmesdaUy  IndcHsIniniO.UtoZgnuns.  Bodium  benH>al«  has  been  given  internally 
Indosea  amounting  to  5  tomograms  a  day  without  serious  deranjnment,  and  for  pronounoed  thera- 
peutic eScct  Id  rheumatism  the  Fullmt  limit  may  be  ncoeasary.  Phyilolaglcaliy  sodium  bcnioale 
Is  about  as  barmJeas  as  a  salt  can  be. 

it.  CoBN.    tiber  den  Glykokollvormt  des  tierischen  Oiganismus.    Festschrifl  fOr 
M.  Jaff«,  Braunschweig,  1900  or  1901,  p.  319. 

Feeding  with  proteins,  and  protfln  decomirasltlan  produola  which  yield  glycocoll,  eoimteracls 
the  toilc  edect  ol  lieasolc  add  In  rabbits. 
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U.  I'LRici,  Ober  phamukoIogtBche  Beeinfluasung  der  Hams&ureAuracheidung. 
Archiv  fiir  experimentelle  P&thol(^e  und  Pta&mucologie,  1901,  XLVI,  321. 

Tbe  autbor  l«ik  »  granss  o[  lodlum  bemoBU  daily  (or  3  days.  Thrra  vu  InslciiUWaDt.  U  aaj 
decrease  □(  DlUngi'ii  mi'tsbalism,  wht(4iths  auUior  Uilnkals  daetutlM  InhlblUnf  [ufluenae  of  Uie 
beniula  acid  on  ttie  Inlcatliu]  pulrelutloii,  ao  tbat  kn  nltrofno  Is  lUaocbad.  PhoipbMle  acU 
excntlon  wu  Dot  lnnueiwod. 

Herninzonb.    Sulla  eintesi  fiiaologica  dell'  tu?ido  ippurico.    BcAl.  d.  R.  Accad.  nwd. 

di  Genova,  1901,  16,  No.  VI,  47. 
KIdne;  miymifl  of  tbe  pig  and  hone  lomi  hlppurlo  ftdd  from  benialdeiifde  or  bsoialeohal  and 

g\yco&jiL 
K.  SiEBEBT.     Uber  die  oach  Benzaldehyd  und  Benzo^eiiuredaiTeichuiig  im  Ham 

Kuftretenden  reducierenden  Stoffe.     Inaugurel  DieserUition,  Kfinigsbei^,  1901. 
Author  sagmsti  tbat  the  reducing  subatanoe  found  bi  Ibc  urina  Ma  Imdbie  dogs  uul  rablH  it 

with  lodlURi  benuaW  Is  ■  paired  KlfaDKKialc;  h«  IbIIhI  to  And  Un  oonlugKlbic  substooce  alii^ 

Imding  Uige  dosos  of  lodlum  beoioaU. 
('.   Lewin.     Beitrage  Eum  HippuntaureatofTwechi^l  dea  MeDScheD.     Zeitachritt   fOr 

kliniKhe  Medizia,  1001,  XLll,  371. 
AnattCTHpt  lo  reler  hlppurlo  acid  eidBtlon  Id  man  under  DonnaloaudlUoDlmoMly  to  IntfStliial 

putfcfacttve  ctianfies. 
R«port  of  the  Departmental  Committee  appointed  to  inquire  into  the  Use  irf  Pre- 

Bervatives  and  ('oloring  Matl^re  in  the  Preservation  and  Coloring  of  Food 

(together  with  minutea  ot  evidence,  appendix,  and  index).    London,  1901. 

Feraonal  tesUmou;  retrarding  the  use  ot  bcniolc  acid  and  beniostca.  UutcblnsoD  UstlAas  tbat 
Id  Kill  lOlTSla  doses  be  fuund  It  nilTEmolylnitatlng  lo  (be  empty  gtonudi,  but  thai  It  never  pn>- 
dUDod  TomiUng.  It  la  frequently  prescribed  fei  Bcptic  toudlllons  of  the  urtne. 
Wbitzbl.  Vlhei  die  I^bgerinnung  der  Kuhmilch  unter  dem  Einflues  von  Boi- 
pr9parat«n  und  anderen  chemiachen  Stofien.  Arbeiten  aus  dem  EAiaO'licheii 
Gesundheitsamt,  1902,  XIX,  126. 

A  canoontraUon  of  0.02S3  per  mllln  of  sodium  briuoale  marks  tho  bcghlning  of  distinct  iahlbllion 
of  the  rcnnln  coagulatloD  of  milk.  The  limit  of  distinct  coaeulatlon  occurs  with  I.M  per  cent  of 
sodlom  bcnioata.  Bemolcadd  la  oohcentrations  under  O.S  per  cent  has  an  Bccderstliig  tnflneiic« 
OD  the  rennln  coa^latloii. 

Rbm-Picci.  Ober  eine  neue  Methode  fQr  die  Bestimmung  der  nippuisfture  im 
Menschenhtun.  Maly's  Jahreabericht  fOr  Tbierchemie,  1902,  XXXII,  316. 
(litem  Archivio  di  fannac.  speriment  e  scienze  afBni,  1902,  I,  7.) 

Uelhod  of  esUmatlng  hippurlc  add  In  urine. 

R.  CoHN.  Zur  Frage  der  Glykokollbildung  aup  Leucin  im  tierischen  OiganinnuB. 
Arehiv  fUr  experi  men  telle  Patholi^e  und  Phanuacoli^e,  1902,  XL  VIII,  177. 

Imoin  tailed  to  deloiify  beniofc  acid  tn  fwdlngaiperimenli  vltb  rabbits. 

E.  Bashpord  and  W.  Ceauer.    Uber  die  Synthexe  der  Eippursfture  im  Tierkikper. 
(Preliminary Report.)    Zeitpchrift f Or phyiiiolc^JscheChemie,  1902,  XXXV, 324. 
Tbe  (onnallOD  of  hippiirlc  add  Isnot  dependent  on  intact  and  living  kfduey  cells. 
t'    SoGTBBBR.     Kontrolle  der  Blumenthalschen  Methode  der  nippuTBaurebefitim- 
mung.     Zeitechrift  filr  physiologiache  Cbemie,  1902,  XXXV,  538. 
Critique  of  Blumenthal'a  method  and  of  Lewin's  rfsults. 
Saleowski.     t)ber  die  StofFwechselwirkung  der  Benzo&tSure,  etc.     Internationale 
Beitrage  zur  innere  Medizln.    Fefltschritt  fur  v.  Leyden,  Berlin,  1902,  II,  27. 

The  author  concludes  that  twnuilc  add  and  its  derlTatlT(s  which  aie  Iranslonnad  tobenioloadd 
bave  no  constant  eOoct  on  proV'ln  decomposltlira.    The  effect  Is  dependfot  on  tbe  ladMduallly 
of  the  animal  besides  the  stale  of  nutriUolL 
HuFFBB.-   Einwirkung  von  ("hinasSure  auf  Harns&ure  und  HippuiBfiure  auBucheidung. 
Zeitachrift  far  phypioli^sche  Ghemie,  1902-1903,  XXXVII,  302. 

Qulnic  acid  (20  gnma  per  day)  on  3  days  hicreased  tbe  output  ot  bippuric  add. 

A.  £anoer.  Zur  Frage  tiber  die  chcm.  Zuiiammentietzuiig  und  die  pbannakologiMhe 
Wirkung  der  PreicBelbeere  (Vacnnium  vilit  idaea  L.).  Archiv  fflr  experi- 
mentelle  Pathologic  und  Pharmacoli^e,  1903,  L,  46. 

Author  slatAs  benioic  add  can  easily  be  dcmooslrated  Id  food.  Fiesh  bonka  contatoHt  <iXt!X 
pec  cent  of  benwlc  add;  dry  subetance.  atsi  per  cent. 
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Uftly's  JahKabericht  filr  Thierchemie,  1903,  XXXIII,  102. 

AuUmt  concludes  that  allei  subcutaneous  injecUoD  o[  benulc  add  In  Indlvldu&la  wlUi  Intact 
Udnep  the  kucnased  excretion  ot  blppiulc  add  la  much  Iras  than  would  cornspoDd  to  the  Intro- 
duced benioicscld.  In  three  cases  of  nophrllls  a  much  largetoutputolhlppurieacid  wMotoerved 
□Oder  similar  conditions 

Pfeipfeb,  BufCH,  and  Ribcke.    Eine  neue  Methode  zur  Beetimmung  der'Hippur- 
e&ure.    Mitteilimgen  de«  landwirtechaftlichen  Inftitutn  der  UaiversitSt  Bres- 
lau,  1903,  11,  273. 
If ethod  ol  estimating  hippurtc  acid. 

MossE  and  Nedbbbq.  t]l>er  den  phyeiologischen  Abbau  von  Jixlalbuininea.  Zeit- 
sehrift  tOr  physiologiache  Chemie,  1903,  XXXVII,  427. 

The  mine  ol  ntbblta  fed  with  lodatad  ovalbumin  ointatDed  o-lodo-hlppurlc  add. 
R.  KoBERT.     Lehrbuch  der  Intoxikationen.     II.  Band.     Spezieller  Teil.     I.  H&lfte, 
p,  115.     Stuttgart,  Ferdinand  Enke,  1904. 

Author  coocludfa  that  protein  metabollam  la  not  alwaya  Inctoased  after  doooi  of  beniolo  add 
or  Its  salts.  Borne  iDdliiduslj  can  lokralo  doses  of  mora  than  10  grams  of  sodlutn  beDtoate  Inter- 
nally, while  sensitive  pallenta  respond  with  vomiting  and  nnuses.  vertigo,  hanmUng  of  the  esra, 
etc  The  greater  part  of  the  beniolc  acid  appears  In  the  urine  as  hlppurle  acid.  If  larger  d09ee 
are  given  the  uilne  contaliks  post-mortem  a  tblrd  compound,  moat  protably  a  paired  glycuro- 

E.  Pribiuii.  Zur  Lehre  von  den  phyeioli^scheD  Wirkui^n  carbooyclischer- 
S&uren.  Archiv  fOr  eKperiiuent«lle  Pathologie  und  Pharmacologie,  1904, 
LI,  372. 

Sodium  benioale  and  sodium  bippurate  poama  diuietio  action  resulting  in  Increaaed  nitrogen 
excretion  I Q  the  urine  of  rabbits. 
Gebhaddt.     tjber  Darmfaulniaa.     Ergebnis 
Hlppurlc  acid  it  doubtleas  partly  derived  f  roi 
and  phenylalanln. 

Blitmenthal  and  Braunstein.  Cber  die  quantitative  Hippurs&urebeetiminuDg 
beim  Menschen.  Hofmeist«r'B  Beitrage  zur  chemischen  Physiologie,  1904, 
HI,  3S5. 

Knoop.     Der  Abbau  aromatiacher  Fettaftnren  im  TierkOrper,     Hofmeister's  BeitrSge 

xut  cliomiflchen  Physiologie,  1904,  VI,  150. 
An  fliperlmmlsl  study  of  the  aromatic  aclda  which  yield  hlppurlc  acid  in  tin  hody, 

Fteifper,  Ribcke,  and  Block.  Die  Uuttereubstonzen  d«r  im  Organiamus  der 
Pflanienfreeeer  erzeugten  Hippursaure.  Mitte'iluiigen  des  landwirtochaft- 
lichen  Inetituta  der  UnivereitSt  Breelau,  1904,  II,  695-728. 

Eiparlmenla  with  lams;  an  attempt  to  find  Uie  precursor  ol  hlppurlc  acid  la  the  fodder  of  barh- 
Ivoroiu  animals. 
R.  CoHN.    Zur  Frage  der  Glykokollbildung  im  tieriscben  Organismua.    Archiv 
tQi  experimentelle  Pathologie  und  Pharmacologie,  1905,  LIII,  435. 
AmmocUum  acetate  detoiiaea  the  fatal  doaeofbenioicaald,  but  1e»  etieotlvaly  than  glyooci^. 

Uaonus-Lbvy,  t}ber  die  Herkunft  dea  GlykokoUs  in  der  Hippursfiiue.  Vor- 
I&ufige  Mittheilui^.    MOnchener  medizinische  Wochenschrift,  1905,  LII,  2168. 

Author  coscludea  from  eiperimenta  on  rabbits  and  sheep  that  the  vital  decompoeitloD  ol  protein 
fumiihas  much  more  glyoooall  than  the  hydrolytlo  deoomposltlon  in  vltio. 

H.  C.  Wood.  Therapeutics.  Principlee  and  Practice.  12th  edition.  Philadel- 
phia, 1905,  p.  859. 

Author  atalea  that  tlH  local  action  ollianialo  add,  uuleaa  la  large  qoantltiea,  laacaioaly  irritant 
to  muoms  memttranei,  cm  which,  bowever.  It  erarts  a  distinct  alteralin  Influapce.  The  genaral 
lyslemJo  effect  is  very  sll^t  and  the  largest  IbBiBpeuticdaaes  never  ptDdDC«  any  symploauunleaB 
ttiey  are  these  of  sll^t  gastric  Irritation.  The  oontndiotory  teatlmooy  nganUng  tha  influence 
upon  nutrition  mdlcatia  that  It  has  no  constant  powerlol  action.  Deece:  0.411  gram  beninle  add: 
OtoSgr 
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G.  Abtolponi.  Recherchee  concenuut  raction  de  quelques  Bubstuicee  diuretiqiHB 
BUT  U  synth^  de  Tacide  hippurique.  (R^eum^  de  rnuteur.)  Aichivo 
iUliennee  de  biolo^e,  1905,  XLIII,  373. 

Cmeins  (dag),  laetoae  (rabbit),  and  calomal  (rabbit)  iDcnxe  tbe  blppmlc  told  irnthwte  lAs 
the  iDtioductloD  (4  sodlmn  bennata. 

O.  AsioLVOHi.    Receiche  intemo  all'  azionedi  alcune  soebmze  dioietiche Bulla  an- 

teei  dell'  acido  ippurico.    Riviata  veneta  di  Science  med.,  1905,  XLII,  67. 
0.  A8T0LFONI,     Recerche  intemo  all'  aiione  di  alcune  metanie  Bulla  siateei  dell' 

acido  ippurico.    Archivee  intemat.  de  pbarmacodj'namie  et  de  tberapie,  1905, 

XIV,  39. 
R.  Heinz.    Handbuch  der  experimentellen  Patbologie  und  Phacmakologie,  I,  G. 

Fischer,  Jena,  1905. 

DalA  on  the  uitlseptlc  puwin  ot  bmiolo  uld. 

McGiLL,  Report  on  FreservativeB.  Laboratory  of  the  Inland  Revenue  Depart- 
ment.   Ottawa,  Canada.    June,  1905.    Govermnent  Printing  Bureau,  Ottows, 

1905. 

Rnrleir  ol  the  oplnloDi  ol  others  coDcernlng  benioale  oT  aoda,  etc. 
J.    ScHMD.    ttber  die   quantitative   HippurB&urebeetimmung  nach  Pfeiffer,  etc. 
Centralblatt  fOr  innere  Medizin,  1905,  XXVI.  81. 

A  patient  wltb  dystrophia  inusculKris,  receiving  fl  gruns  udluni  benMota.  later  0-S  gnun.  Isfei 
twi™  O.E  grun  per  diy,  STcnlnd  SO  per  rnal  at  the  Introducei]  benuio  Bctd  as  hlppdlfe  acid  ■ 
henioic  aald. 
PiNCHAS  Feioin.     Ober  die  UippuraiiureaiieBcIieidung  beim  hungemden  MenBchea 
Inauguial  DiHsertation,  Berlin,  1906. 

Beuulc  acid  Inttoduoed  In  starving  man  Is  lor  tbemsetptut  not  eacirated  Bs  free  bMnsk)  dc  Ui> 
pUTlc  acid,  but  probably  aa  benzoylglycuronla  acid. 

A.  Behrb  and  A.  Seoin.    ttber  die  Wirkung  der  KonBervieningsmittel.    Zeitacbrift 
(Or  Untersuchung  der  Nahrungs-  und  GenuBamitte!,  1906,  XII,  461. 
Bomoloacid  iaonsalthebestpteaervstives  lor  meat. 

W.  WiEcHOWSKi.  Die  Gesetze  der  HippurafiureByn these.  (Zugleicb  ein  Beitng 
lur  Frage  der  Stellung  dee  Glykokolls  im  Stoffwechael.)  Eofmeisto's  Bei- 
trttge  zurchemischen  Phyaiologie,  1906,  VII,  204-275. 

In  isbbita  the  btal  dose  olbeDbric  add  Is  about  1,7  grams  per  kUograni,  Dtinliea  next  to  diun^ 
ill  and  lociease  of  metabolism  Is  one  ot  the  Qrat  signs  ol  InUilcstlon.  The  beniolo  add  mar  l* 
excreted  with  the  dlairheal  stool.  The  author's  eipBrlmenla  indicate  that  beoioic  acKd  cams 
considerable  IncTSoea  of  tiltrag«n  axcretlon  in  rabbits.  butnotalwBfsiiithlnthe&ntllhoun.  Ix 
rahbits  hippuric  acid  acts  like  beniolc  acid  on  metabolism.  It  is  not  hurnless.  Like  betuoic  acid 
ItbasadluraticBcIloD  and  an  InBuenFe  on  peristalsia.  The  total  emretlon  ot  beruolc  acid  i9 
not  bIwbti  quantitative.  Tbe  loss  Is  not  constant.  As  a  rule  rabbits  eiciete  bH  tnuoic  iciii 
bealdie  hippuric  acid,  even  when  sm^l  doses  ol  beuiolc  ncid  are  given,  and  even  If  glycoodl  is 
given  in  amounts  more  than  suBlcient  to  combiiw  with  the  betuoic  acid.  Tbere  exists  no  dwl 
relation  between  hippuric  acid  synthesis  and  the  degne  ot  protein  metabolism.  Individual  vsrl- 
atlons  detennlne  theextent  of  synthesis  ID  the  rabbit. 

.\bdbrhaldeh  and  Tbbuuchi.  Studien  Uber  die  proteolytieche  Wirkung,  elc. 
ZeitBchritt  fOr  phyaiologische  Chemie,  1906,  XLIX,  1. 

The  active  press  Juice  ol  dog's  kidner  can  not  decompoaa  hippurio  add. 
Ilaijoecif  and  Hibbch.     BippuiBfiuresyn these  und  Auascheidung  der  Benio^u'^ 
beim  Hunde.     Zeitschrift  fQr  experimentelle  Palhologie  und  Tberapie,  1906, 
III,  663. 

The  degree  of  hippurlo  aeld  synthesis  after  IntJWiurrtlon  ol  benwlc  acid  Is  much  low«  Intanif- 
Dfous  than  In  herbivorous  animals.  The  amount  of  bee  bensolc  acid  In  the  uilne  is  muofa  gnat" 
than  the  amount  of  beuiolo  acid  paired  with  glrcoooll.  It  Is  not  poaible  to  produos  a  omtidnvhle 
eicretlonotglnooollln  the  dog  by  giving  larger  doses  of  benioIo  acid,  O.s  to  1  gram  per  tHogn"'- 
The  detoxlAcaUon  ol  beniolc  add  In  the  dog  occurs  only  in  small  part  by  hipptulo  add  i>niutlo»' 
but  moatly  by  fOmtatlon  ol  reducing  subataoce,  A  not  Inoonsiderabki  part  leaves  the  orcull'™ 
OS  liee  benzoic  acid.  In  starving  dogs  the  beniolc  acid  <wu<ed  a  distinct  inciMie  la  nltnip« 
metabolism  and  hod  a  diuretic  effect. 
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F,  Galdi.  CoDtributo  alia  studio  dell'  acido  tppurico  oell'  orgaaismo  umano.  11 
Poltclinico,  Sex.  med.,  1907,  No.  6.  [Abstract  in  ZeDtndbUtt  fUr  die  gesammte 
PhyBiologie  und  Patholt^e  dee  StoffwechBels,  1907,  II,  748.] 

Author  reports  expertmeats  lo  show  that  part  ot  the  hlppartc  scld  may  be  ayDthct[t»(l  In  the 

Ma«nus-Lrvy.  Cber  das  Auitreten  einer  BensoSe&ure-GlycuroiiBaure  Verbindutig 
im  Hammelhani  nach  BenzoSeiure  FQtterung.  Biochemische  Zeilschrift, 
1907,  VI.  502. 

BemorlKlf'iiroi'c  Kid  in  eicreled  after  givliig  beuiolc  trid  la  do^,  rabbits,  nins,  and  nien.     As 
much  BB 10  per  cent  of  the  iDtroduoed  benioir;  aolil  miiy  appear  Id  this  lomi, 
Maunits-Lbvy.     tJber  die  Neubildung  von  Glycocoll,  etc.     Biocbemische  Zeit- 
schritt,  1907,  VI,  523. 

Id  the  body  more  glycacoU  cau  be  pniduoed  than  exists  prefOnned  Id  the  protehi  deminpoH'it. 
There  was  k  defiolla  InnMse  In  protein  deoompoaltloD  after  laiger  daws  of  beniolc  acid  In  a 
sWrving  ram. 

S.  Ambbrq  and  A.  Loevznhabt.     E^irther  obeervatioDR,  etc.    Journal  of  Biological 

Chemistry,  1908,  IV,  149. 

Sodium  benioBle  Id  conreulratlon  of  I'prr  cent  don  not  Inhibit  the  ]lpol;t[a  actloa  of  clear  IIvit 
oxlntct  oD  ethylbutyrsic. 
Lbwinski.     i'ber  die  Groczen  der  HippurejiurebildunK  beim   Meiuchen.     Archiv 
tfir  experimenteUe  Patbologie  und  Pharmacologic,   1908,   LVIII,  3S7. 
-V  maa  v.-efghln{i;  50  kUoerans  look  12  grams  ol  beniolc  add  ea  sodium  heuioate  En  12  hour]  on  a 

The  beniolo  add  was  all  eicreled  In  combination.  A  man  o(  67  kUogiams  body  w^ght  took  20 
granii  of  beniolc  acid  in  13  houi?  without  HI  effects.  There  n-as  do  Iroe  beniolc  add  or  reducing 
substani.'e  In  the  uilne;  but  sfler  an  intake  of  2i  grams  or  lioniolc  acid  vdthwit  111  effects,  1  0 
Kranuof  lieo  beniolc  acid  were  excreted.  Wheo  the  same  Indl  vldual  took  in  8  hours  40  grams  of 
beDiolcaetd  In  one-half  hour  dosea,  there  was  nausrs  and  headache;  26  perceDtoftheimTodurtd 
benwlc  add  was  excreted  as  tree  benwlo  add.  Tho  urine  reduced  strongly  and  was  dextro- 
rotatory. With  a  diet  rich  in  proteins,  particularly  gelatine. «  grams  ol  beniolc  acid  produced 
no  111  effects;  10  per  cent  of  the  Introduced  add  was  excreted  as  free  bentolc  add.  The  urloe 
reduced  slightly  and  showed  slight  dexlro-rotation.  Similarly  SO  grams  oC  beniolc  add  showed 
noHleffecIS-  Slxteeo  percent  reappeared  as  Tree  beniolc  add  and  there  was  slight  reduction,  etc., 
In  the  urine,  TheauthorcDDcluda  that  a  person  taking  a  diet  rich  in  proteins  can  transform  more 
benioicacld  lohlppurlc  add.  Tho  appearance  of  reducing  substance  lathe  urine  la  an  expression 
of  the  Impoverishment  of  the  organism  in  giyeocoil.  In  certain  forms  of  nephritis  there  was  a 
relardi'd  ellmlDalloD  after  Ing^tlon  of  beniolc  acid.  In  one  individual  40  grams  ol  beniolc  add 
and  26  grams  bath  caused  Increaao  of  DitrogeD  excretlOD.    In  a  man  of  71  kilograms  oD  a  diet 

uric  arid  oufpul, 

Seo,  dber  die  Hippura&ureopaltUDg  durch  Bacterien,  etc.  Archiv  fOr  experi- 
mentclle  Patbologie  und  Pbanoacologie,   1908,   LVIII,  440. 

IIIppuilc  add  may  readily  tie  decomposed  by  bacterial  action  In  the  uilDC,  especially  when  the 
reaction  is  alkaline.    This  may  explain  the  coaSictlDgresuItsoFlnvestigaton. 

II  W.  WiLBY,  with  the  collaboration  of  W.  D.  Bioelow,  F.  C.  Wbbbk,  and  otherp. 
Influence  of  Food  Preservatives  and  Artificial  Colors  on  Digestion  and  Health. 
IV.  Benzoic  Acid  and  Benzoates.  United  States  Department  of  Agriculture, 
Bureau  ol  Chemiatry.     Bulletin  No.  84,  Part  IV,  1043-1294,  1908. 

Beniolc  acid  aod  benioale  ol  sodium  were  administered  in  capeoles  In  dcaes  of  O.R  to  S.i  grams 
daily  to  healthy  young  men  (IS  In  all)  during  lucceaslve  periods  of  soyeral  days.  The  longest 
single  petlod  was  20  days.  Dniing  one  period  of  10  daji.  deaes  ot  1  lo  1)  giBBu  were  given.  The 
aathois  stale  that  Diarked  aymploms  of  discomfort  and  mahUae  were  produced  in  the  majority 
of  cases  without  reference  to  the  lorni  in  which  the  preaerratlve  was  administered;  most  common 
symptoms  were  miusea  and  headache.    The  nausea  resulted  in  vomiting  In  three  rases.    Seven 
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mblects  oomplaloed  of  auuuwas  toi  also  at  bninliig  and  IrrilslEng  Hnntlons  In  the  enptufq.' 
buDger  wai  increaKd  Ip  Ibiee  cases,  and  ladlgEitloD  was  iisptKlally  uotsd  Dve  nmnn  The  wthcc 
usuuM  dUftiiBiit  degrees  oC  (oleratton  ol  the  robatsnoe  Id  dillennt  IndlTtdaala.  A  leea  el  miet: 
■mountlDg  to  rmm  0^  kllogmn  lo  0.4(1  fcUognun  me  noted.  This  couUiuied  Id  the  utlet  vaici 
Id  the  orlelDsl  eiperlment  the  total  benEolc  add  iBcoveiBd  (as  blppuilc  add  aad  ma  beolcdc  id. 
■mouated  tn  the  cam  of  tliciae  recelvliig  ImqioIc  add  to  SI  per  cent  ol  the  total  ijoftalltj  Ingra;'. 
UKJ  for  those  recelvtng  sodium  tienzoale,  la  61  peiisnt.  In  the  cupplenraotal  eKperlineiit93i>< 
oent  of  the  amount  Ingrsted  oa  beniolc  ooid  iraa  reooveied  as  hlppurlc  odd,  irtille  lor  tba^  >■ 
celTing  benzoate  of  soda  73  per  cent  was  nKovered.  In  the  Qrat  seriea  considerable  beoEoic  aci'' 
was  TBCoTered  as  micb  Ennn  Ibe  urine.  In  sulHoqueut  seilea  nliere  the  onalym  wm  madi?  c; 
dallf  samples  Instead  at  od  compoiltee,  It  was  moatl;  reoovcred  as  bippuili:  add.  The  dan  a 
the  feces  are  Dot  suffldeDtly  marked  to  demonstrsle  a  distinct  eOecl  produced  by  the  pRBmOir 
There  was  do  diuretic  Miect,  but  air  Increeae  of  tlie  total  aoUds  excreted  Id  the  mine,  A  a^cnt- 
ccopto  euunlnatJoD  ol  the  urtrie  Indicated  an  Increase  tn  the  presence  of  rrdcroffooplQ  bodks— 
ejdihollal  cells,  mncous  strands,  and  muoous  crUndrolds — during  the  preservative  period  eaa- 
pUflodby  tliefaUoHinsiX)mparstlvenuniber3^thofDie,preserF3tlve,  artdafterperlada:  M,7i,».  | 
Ho  significance  was  attached  to  the  blood  examination.  While  the  averm^  datR  did  not  sbo« 
any  marked  disturbance  of  the  nitrogen  melaboUam,  there  Is  a  tendency  to  decreaae  the  nltzopr 
balance.  In  one  experiment  there  was  an  Increase  ol  3  per  cent  In  the  prcaervaClve  period  of  A 
amount  ol  Ingcatad  nitrogen  excreted  In  the  DietaboUied  term.  The  authors  ntport  Indli::'  . 
tloDS  oC  a  leodeDcy  ot  the  pnasrvatlna  to  hscnsse  the  perceotage  of  phoephcrlc  add  eicreu-. 
In  the  Escea,  and  of  sulphur  In  the  team  and  nrlne.  Prom  their  data  the  authors  coodude  Iht: 
cither  preservative  "lihlj^ly  ob)sotloaable  aad  produixs  a  very  serious  disturtiaane  olthe  mrii-  ' 
bollc  (unctions,  attended  with  Injury  to  digeetlan  and  ^ealth,"  such  as  "grave  dlBturbaiiaes  of  dlp^  . 
|]Dn"sDd"dIsllDCtlasaorwalgh[."  "ThelnSuenceotthebeniolaaddandbentoateafaodBiipi^ 
metabolism  wea  never  of  a  character  indicative  of  a  favorable  change  therein.  While  oltf'n  ^ 
metabolic  changes  were  not  strongly  marked,  such  changes  as  were  Mtablished  weic  of  an  iX"- 
rlous  nature."  "Beniolo  add  and  beoioate  of  soda  are  bodies  whlcli  when  added  to  foods  in 
Intoiloustobeallh." 
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